Report on Carcinogens, Fourteenth Edition

Viruses: Eight Listings

Approximately 12% of cancers worldwide are caused by viruses
(Parkin 2006, Carrillo-Infante et al. 2007). Hepatitis B virus (HBV),
hepatitis C virus (HCV), and some human papillomaviruses (HPV)
of the genital-mucosal type were first listed separately in the Eleventh
Report on Carcinogens (2004) as known to be human carcinogens. The
following five viruses have been added to the Fourteenth Report on
Carcinogens as known to be human carcinogens: Epstein-Barr virus
(EBV), human immunodeficiency virus type 1 (HIV-1), human T-cell
lymphotropic virus type 1 (HTLV-1), Kaposi sarcoma—associated her-
pesvirus (KSHV), and Merkel cell polyomavirus (MCV). The profiles
for all eight of these viruses (or virus families) follow this introduction.

For some viruses, in addition to epidemiological studies, evidence
from clinical and molecular studies of tissues from infected individ-
uals played a key role in the determination of sufficient evidence for
carcinogenicity in humans. Several factors considered in the eval-
uation of cancer causality for each virus are discussed in the intro-
ductions to the Report on Carcinogens monographs on EBV, HIV-1,
HTLV-1, KSHV, and MCV (NTP 2016a—e). The following are ex-
amples of key factors considered: (1) whether the virus is detected
in the tumor tissue of most patients with the specific type of cancer,
(2) whether the virus codes for production of proteins that are in-
volved in tumor development, and (3) whether there is evidence to
suggest that almost all the cells of a tumor contain viral DNA derived
from a single ancestral virus particle (i.e., the viral DNA is monoclo-
nal), suggesting that infection preceded tumor growth. However, not
all of these lines of evidence are required in order to support the con-
clusion that a virus is carcinogenic.

Viruses may lead to cancer by direct mechanisms (such as expres-
sion of viral oncogenes), indirect mechanisms (such as immunosup-
pression), or both. Many viruses are more likely to cause cancer in
patients with impaired immune systems. For example, HIV-1 infec-
tion impairs the body’s immune system so that it cannot adequately
suppress or destroy other cancer-causing viruses (including EBV, HBV,
HCYV, HPV, KSHYV, and possibly MCV) or cells infected with these
viruses, resulting in an increased risk of cancers specific to these non-
HIV-1 viruses. Another way in which immunosuppression may lead
to cancer is by facilitating the establishment of persistent latent vi-
ral infections and uncontrolled growth of the infected cells, leading
to formation of tumors.
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Epstein-Barr Virus
CAS No.: none assigned

Known to be a human carcinogen

Also known as EBV or human herpesvirus 4 (HHV-4)

Carcinogenicity

Epstein-Barr virus (EBV) is known to be a human carcinogen based
on sufficient evidence from studies in humans. This conclusion is
based on evidence from epidemiological, clinical, and molecular
studies, which show that Epstein-Barr virus causes endemic Burkitt
lymphoma, Hodgkin lymphoma, immune-suppression-related non-
Hodgkin lymphoma, nasal-type extranodal natural killer (NK)/T-cell
lymphoma, nasopharyngeal carcinoma, and some forms of stomach
cancer. There is also limited evidence for an association between EBV
and sporadic Burkitt lymphoma. Results from clinical and mechanis-
tic studies indicate that in EBV-infected B lymphocytes (a type of im-
mune cell), EBV viral proteins are produced while the virus is latent
(i.e., while the virus persists in cells without destroying them). These
proteins (including latent membrane protein 1 [LMP-1] and Epstein-
Barr nuclear antigens [EBNA-1, 2, 3A, and 3C]) enable the infected B
lymphocytes to survive and proliferate indefinitely, leading to cancer
in some cases. The specific protein involved in carcinogenicity may
vary with the cancer end point. Furthermore, in most EBV-related
cancers, a large proportion of tumor cells contain viral DNA that is
derived from a single ancestral virus particle (i.e., monoclonal), sug-
gesting that the viral infection preceded the tumor.

Cancer Studies in Humans

EBV was the first cancer-causing (oncogenic) virus to be discovered
in humans; its association with Burkitt lymphoma was recognized
over 50 years ago (Epstein et al. 1964). Burkitt lymphoma is a can-
cer of the immune cells with three subtypes; two of these, the en-
demic variant, which occurs primarily in children in equatorial Africa
and Papua, New Guinea, and the sporadic variant, which is found
throughout the world, are discussed here. Since the 1960s, numer-
ous studies have explored the relationship of EBV to various other
types of cancer, primarily other types of lymphoma — Hodgkin lym-
phoma and rare types of non-Hodgkin lymphoma (those related to
immunosuppression or developing in NK or T cells in the nasal cav-
ity) —and tumors arising from epithelial tissue, such as nasopharyn-
geal cancer and stomach cancer.

Burkitt Lymphoma

Evidence for an association between EBV infection and endemic
Burkitt lymphoma is based on consistent findings of increased risk
in several case-control and cohort studies and the presence of an
exposure-response relationship with viral infection. Twelve case-
control studies and a cohort study found statistically significant
positive relationships between EBV infection and endemic Burkitt
lymphoma, with risk increased by 3-fold to 52-fold. Moreover, several
of the case-control studies and the cohort study found increasing risk
of endemic Burkitt lymphoma with increasing viral load (primarily
by measurement of antibodies to the viral protein VCA, viral capsid
antigen) (Henle ez al. 1969, 1971, Carpenter et al. 2008, Mutalima et
al. 2008). Epidemiological evidence for an association between EBV
infection and sporadic Burkitt lymphoma is somewhat weaker: pos-
itive associations were found in four of five case-control studies, one
of which was statistically significant, and no studies evaluated ex-
posure-response relationships. These studies had limited power to
detect an effect because of the small numbers of EBV-infected case
and control subjects.

For definitions of technical terms, see the Glossary.
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These findings are supported by studies of human tumor tissue.
EBV has been found in approximately 95% of endemic Burkitt lym-
phomas (Thompson and Kurzrock 2004) and in approximately 20%
of sporadic Burkitt lymphomas (IARC 1997). The key event in the
development of Burkitt lymphoma is a chromosomal translocation
of c-myc (a regulatory gene) to the locus of an immunoglobulin gene
promoter, which results in unregulated and persistent expression of
c-myc RNA and proteins, which in turn regulate other genes, lead-
ing to proliferation and growth of B lymphocytes. In addition, Burkitt
lymphomas infected with EBV produce a protein (EBNA-1) that plays
a role in the prevention of apoptosis (programmed cell death) and
enables cell survival (Lu et al. 2011, Kennedy et al. 2003).

Individuals infected with malaria in addition to EBV have been
shown to have a higher risk of Burkitt lymphoma than individuals
infected only with EBV. Malarial infection increases the numbers
of mature B lymphocytes, many of which have chromosome dam-
age, including EBV-induced chromosomal translocations (Robbiani
et al. 2015). This reduces the ability of T lymphocytes to recognize
and destroy infected cells and thus increases the viral load of EBV in
infected individuals (Moormann et al. 2009).

Hodgkin Lymphoma

Evidence for an association between EBV infection and Hodgkin
lymphoma is based on consistent findings of statistically signif-
icant increased risk in numerous case-control and cohort studies.
The strongest evidence for an association comes from the collective
findings of over 25 case-control studies, which found that Hodg-
kin lymphoma patients were generally 4 to 19 times more likely to
have a high viral load (as measured by antibodies against viral pro-
teins or, to a lesser extent, EBV DNA) than were individuals without
Hodgkin lymphoma (NTP 2016). In a cohort study, individuals with
higher levels of various types of EBV antibodies were approximately
3 to 4 times (depending on the specific antibody) more likely to de-
velop Hodgkin lymphoma than those with lower levels of antibodies
(IARC 1997, 2012). Most of the 11 case-control studies and 7 cohort
studies using infectious mononucleosis as a surrogate for EBV infec-
tion also found statistically significant increased risks for Hodgkin
lymphoma, though lower (generally between 1.3 and 3.0) than the
risks found in the case-control studies with direct measurements of
EBV infection (IARC 1997, 2012, Linabery et al. 2014). A few stud-
ies did not find a positive association, and not all studies found sig-
nificantly increased risk. However, the strength of the database (i.e.,
the large number of studies using different study designs, conducted
in different geographical locations, and measuring EBV by different
methods) and the consistent findings of a relatively large, statisti-
cally significant increased risk, provide evidence that EBV infection
causes Hodgkin lymphoma.

These findings are supported by molecular studies of human tissue
or cell lines. Some forms of Hodgkin lymphoma are associated with
monoclonal EBV infection. Hodgkin Reed-Sternberg cells are cancer-
ous lymphocytes that contain EBV DNA and produce the viral pro-
teins LMP-1 and -2A. These proteins promote growth and survival
of the cancer cells by enhancing several molecular pathways (such as
the NF-xB, JAK/STAT, MAP kinase, and PI3-kinase/AKT pathways),
resulting in a release of cytokines (proteins that affect communica-
tion and interaction between cells) that causes a local inflammatory
response (IARC 1997, 2012, Mohamed et al. 2014).

Immune-Suppression-Related Non-Hodgkin Lymphoma

Evidence that immune-suppression-related non-Hodgkin lymphoma
is associated with EBV infection comes primarily from case series,
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a nested case-control study, and clinical studies showing the pres-
ence of EBV in these tumors. EBV has been found in lymphoma pa-
tients with various types of immunosuppression, including all cases
of lymphoma in patients with congenital immune deficiency, almost
all cases of non-Hodgkin lymphoma of the central nervous system
in patients with HIV-1, and 50% of organ-transplant recipients with
post-transplant lymphoproliferative disease (IARC 1997, 2012). In
one study, EBV DNA was detected in the blood plasma of all patients
with post-transplant lymphoproliferative disease but not in 35 healthy
control subjects (Lei et al. 2000). A small nested case-control study
found an association (although not statistically significant) between
EBV antibodies and an increased risk of non-Hodgkin lymphoma
in HIV-1-positive patients participating in a trial of antiretroviral
therapy (Newton et al. 2006). Other studies in humans have shown
that the EBV DNA in the tumors is monoclonal and produces on-
cogenic viral proteins (LMP-1, -2A, and -2B and EBNAs) that pro-
mote cell division, cell survival, and transformation into cancer cells.
Finally, treatment of immune-suppressed patients with T cells sen-
sitized to EBV has been shown to reduce viral load and reduce or pro-
tect against the formation of this tumor (Taylor et al. 2005, Vegso et
al. 2011, TARC 2012).

Extranodal NK/T Cell Lymphoma, Nasal Type

Evidence that this type of lymphoma is associated with EBV infection
comes primarily from more than a dozen case-series studies, with
over 400 cases (IARC 1997, Barrionuevo et al. 2007, He et al. 2007),
in which EBV was detected in 100% of the tumors. Nasal-type ex-
tranodal NK/T-cell ymphoma most commonly develops in NK cells,
but can also occur in cytotoxic T cells. Two studies found EBV DNA
in the blood plasma or CD3+ (T) cells from patients with this type
of lymphoma, but not from healthy control subjects (Lei et al. 2000,
Suwiwat et al. 2007). Other studies in humans have shown that the
EBV DNA in the individual tumors is monoclonal and produces sev-
eral viral proteins (LMP-1 and -2A and EBNA-1) involved in tumor
development (IARC 2012).

Nasopharyngeal Carcinoma

Evidence for an association between EBV infection and nasopharyn-
geal carcinoma is based on consistent findings of highly increased

risk in numerous case-control and cohort studies conducted largely
in Southeast Asia, and also in Europe, North Africa, and the United

States. The strongest evidence comes from the collective findings of
11 case-control studies, all of which reported statistically significant

increased risks for this type of cancer, with most risk estimates rang-
ing from 21 to 138 in studies measuring EBV antibody, and 41 to 820

in the studies measuring EBV DNA or DNase (an enzyme that de-
grades DNA). Increased risks were also found in two cohort studies

(totaling 168 cases with up to 16 years of follow-up) but not in two

small nested case-control studies, one among Alaska Natives in the

United States (where nasopharyngeal cancer is rare) and the other

among the general U.S. population. Other studies reported signifi-
cantly higher mean EBV viral loads in case subjects than in control

subjects (IARC 1997, 2012, NTP 2016).

These findings are supported by data from molecular studies.
Monoclonal forms of EBV DNA are found in precancerous lesions
and with 98% of non-keratinizing nasopharyngeal carcinomas, in-
dicating that viral infection is an early event in cancer progression
(Pathmanathan ez al. 1995, Liu et al. 2011, Tsang et al. 2014, Tsao et
al. 2015), and EBV has been shown to produce viral proteins (LMP-1
and -2A and EBNA-1) involved in carcinogenesis (Raab-Traub 2002).
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Stomach (Gastric) Cancer

Epidemiological, case-series, clinical, and molecular studies provide
evidence for an association between EBV infection and a specific type
of stomach cancer. EBV is found in 8% to 11% of stomach tumors,
and EBV-related tumors are more likely than other types of stomach
tumors to originate in the gastric cardia (where the contents of the
esophagus empty into the stomach), the main body of the stomach,
or a gastric stump (the portion of the stomach remaining after partial
removal). Statistically significant positive associations between EBV
infection (as measured by either antibodies to viral proteins or EBV
DNA) and stomach cancer were found in three case-control stud-
ies (Shinkura et al. 2000, Lo et al. 2001, De Aquino et al. 2012). Pos-
itive associations were also seen in two of three nested case-control
studies (Levine et al. 1995, Kim et al. 2009), but the results were not
statistically significant.

Molecular studies provide strong evidence of an association be-
tween EBV and some stomach cancers. Monoclonal forms of EBV
DNA are found in a subset of human stomach cancers and produce
several viral proteins (LMP-1 and -2A and EBNA-1) involved in tu-
mor development. EBV-infected stomach tumors have a unique
molecular profile characterized by (1) changes in the DNA chemis-
try of the tumor-suppressor gene CDKN2A+ (specifically, addition
of methyl groups to control gene expression), resulting in reduced
production of two other tumor-suppressor proteins (pl6 and 14),
(2) mutations in the oncogene PIK3CA, and (3) increased numbers
of copies of genes involved in cell growth and division (JAK2) and
immune suppression (oncogenes CD274 and PDCDILG?2) (Cancer
Genome Atlas Research Network 2014, Gulley 2015).

Studies on Mechanisms of Carcinogenesis

Direct evidence that EBV causes lymphoma comes from studies of
human cells in vitro and of mice in vivo. EBV has been shown to
transform B lymphocytes into permanently infected lymphoblas-
toid cell lines in culture (Young and Rickinson 2004) and to trans-
form human epithelial cells co-cultured with cells derived from an
EBV-infected Burkitt lymphoma tumor (Imai et al. 1998). In addi-
tion, EBV-infected B lymphocytes caused B-cell lymphoma in mice
with compromised immune systems (Mosier et al. 1989, Rowe et al.
1991). Normally, newly mature B lymphocytes that are defective are
destroyed by undergoing programmed cell death; however, in vitro
studies have shown that the viral protein EBNA-1 prevents defec-
tive B cells from undergoing apoptosis by directly enhancing pro-
duction of the apoptosis-inhibiting protein survivin (Lu et al. 2011)
(see also NTP 2016).

Biological Properties

Epstein-Barr virus is an enveloped double-stranded DNA gamma-1
herpesvirus (IARC 2012). The 172-kb EBV genome encodes over 85
genes, categorized as latent or lytic: latent genes are expressed while
the virus is dormant, and lytic genes are expressed during the lytic
cycle, when the virus replicates and destroys the infected host cell.
The two major types of EBV (EBV-1 and EBV-2) differ in the DNA se-
quences of the genes encoding their nuclear antigens (EBNA-2, -3A,
3B), and each type has several strains. Infection of epithelial cells is
primarily lytic, whereas infection of B cells is primarily latent. How-
ever, antibody-producing B cells allow EBV to enter the lytic phase
and replicate (Ponce et al. 2014). EBV proteins produced on the mem-
branes of infected cells in most stages of latency can be recognized
by cytotoxic T cells and NK cells, which attack and destroy them
(Thorley-Lawson and Gross 2004). However, EBV in latency 0 phase,
typically found in resting memory B cells (B lymphocytes sensitized
to respond to specific antigens), does not produce proteins on the
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membranes of infected cells, thereby allowing EBV to evade recog-
nition by the immune system.

Detection

EBV infection can be detected by measuring anti-EBV antibodies in
serum or EBV DNA or RNA in peripheral white blood cells (IARC
2012). Measurement of EBV DNA or RNA can indicate EBV viral
load, reactivation, response to treatment, and presence in tumor cells.
Methods for detection of EBV DNA and RNA include quantitative
polymerase chain reaction (PCR), reverse-transcriptase PCR, or in
situ hybridization. Healthy carriers of EBV do not have detectable
EBV DNA or RNA in cell-free serum, so positive results indicate
EBV-associated disease or EBV reactivation.

Exposure

Studies measuring antibodies to EBV in blood serum have shown
that a significant number of people in the United States are infected
with EBV. EBV seroprevalence in the United States, based on National
Health and Nutrition Examination Survey data collected in 2009 and
2010, ranged from 50% in 6- to 8-year-olds to 89% in 18- to 19-year-
olds (Balfour et al. 2013, Dowd et al. 2013). Worldwide, more than
90% of adults are infected with EBV (IARC 2012).

Transmission

Transmission of EBV is mainly via saliva, despite the fact that the vi-
rus does not infect the salivary glands (IARC 2012). The presence of
EBV in peripheral blood suggests that transmission via blood also is
possible, and transmission has been reported among transfusion and
organ-transplant recipients. Infected cells, primarily resting mem-
ory B cells in peripheral blood, provide a permanent reservoir from
which progeny viruses can disseminate within the body and infect
other people. EBV transmission via breast milk (Daud et al. 2015)
and genital secretions (Thomas et al. 2006) has also been reported.
Age at primary infection varies, occurring at a higher rate dur-
ing infancy in middle- to low-income countries than in high-income
countries, perhaps as a result of better hygienic conditions and other
socioeconomic and demographic factors that result in later age of ex-
posure to infected saliva (e.g., household size and population den-
sity) (Biggar et al. 1978a,b, IARC 2012, Piriou et al. 2012, Dowd et al.
2013). Similar patterns of lower infection rates (as inferred by sero-
prevalence) with higher socioeconomic status within race and ethnic-
ity groups are observed in the United States. An analysis of 782 serum
samples from Minnesota children aged 18 months to 19.9 years indi-
cated that a combination of genetics, family practices, and home en-
vironment were responsible for racial and ethnic differences in EBV
prevalence among young children. The route of EBV transmission to
preadolescents remains unclear (Condon et al. 2014).

Diseases (Non-Cancer), Prevention, and Treatment

Most individuals are infected with EBV but remain otherwise healthy
and without symptoms (IARC 2012). Infection is lifelong and has no
noticeable symptoms when it occurs in early childhood (IARC 2012);
however, it results in infectious mononucleosis in at least 25% of in-
fected teenagers and young adults (CDC 2014b). Oral hairy leukopla-
kia (a disease of the mucous membranes causing white patches on the
tongue) results from infection with EBV in the context of impaired
immune function, such as immunosuppression caused by HIV-1 or
deterioration of the immune system with normal aging (immunose-
nescence) (Auwaerter 2015). Chronic active EBV occurs frequently
in Asia and South America, but rarely in the United States and Eu-
rope. Its etiology is unknown, but is believed to involve rare genetic
abnormalities that impair immune control of EBV infection (Rigaud
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et al. 2006, Cohen 2009, Chaigne-Delalande et al. 2013). EBV has
also been suggested as a cause of rare autoimmune diseases affecting
the liver, including autoimmune hepatitis (Rigopoulou et al. 2012).

EBV transmission is associated with EBV shedding in saliva;
therefore, avoiding salivary exposure (e.g., via kissing or sharing
food, drink, or toothbrushes) may theoretically prevent transmis-
sion (CDC 2014a).

Some drugs have been reported to reduce or inhibit EBV shed-
ding (e.g., Auwaerter 2015); however, no FDA-approved drugs cur-
rently exist for treatment of EBV infection. There is no vaccine against
EBYV, but vaccine development efforts are ongoing (Balfour 2014, ACS
2015, CDC 2015, Cohen 2015, FDA 2015).

Regulations

Department of Transportation (DOT)

Infectious substances are considered hazardous materials, and special requirements have been set for
marking, labeling, and transporting these materials.

Food and Drug Administration (FDA)
21 CFR 866 identifies Epstein-Barr virus serological reagents (i.e., devices that consist of antigens and

antisera used in serological tests to identify antibodies to EBV in serum) as Class | medical devices
requiring premarket notification for FDA clearance to market.

Occupational Safety and Health Administration (OSHA)

Comprehensive regulations have been developed for employers to develop and adhere to exposure
control plans for bloodborne pathogens.

All work-related needlestick injuries and cuts from sharp objects that are contaminated with another
person’s blood or other potentially infectious material must be recorded.

First-aid training program trainees must have adequate instruction in the value of universal
precautions for preventing infectious diseases.

Guidelines

Food and Drug Administration (FDA, an HHS agency)

The FDA has issued numerous guidance documents prescribing procedures (e.g., use of standardized
labels, abbreviated donor screening questionnaires) for reducing the risk of virus transmission by
blood and blood products.

Health Resources and Services Administration (HRSA, an HHS agency)

The Organ Procurement and Transplantation Network (OPTN) prescribes voluntary procedures for donor
screening, recordkeeping, notification (e.g., recipient informed consent), and, as appropriate,
posttransplant preventive interventions or monitoring and testing procedures to guard against
the spread of EBV through solid (vascular) organ transplantation.

American Society of Transplantation (AST)

The AST recommends that EBV serology be performed on all donors and recipients in order to define
the risk of posttransplant lymphoma. The AST has issued guidance for the use of solid organs from
donors testing positive for EBV and subsequent management of recipients of such organs. No
limits are proposed for transplants between donors and recipients who are both EBV positive. AST
does advise that EBV-negative recipients of EBV-positive organs be considered for posttransplant
nucleic acid test monitoring for EBV to help guide immunosuppression, because they are at a
higher risk for primary EBV infection and posttransplant lymphoproliferative disease.

American Red Cross (ARC)

American Red Cross donor eligibility guidelines prohibit blood donation by potential donors who have
had hepatitis caused by a virus or unexplained jaundice since age 11, including those who had
hepatitis with cytomegalovirus or EBV.
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Hepatitis B Virus

CAS No.: none assigned

Known to be a human carcinogen

First listed in the Eleventh Report on Carcinogens (2004)
Also known as HBV

Carcinogenicity
Hepatitis B virus (HBV) is known to be a human carcinogen based
on sufficient evidence from studies in humans.

Cancer Studies in Humans

Numerous epidemiological cohort and case-control studies con-
ducted in populations differing by race or ethnicity and in various
geographic regions have demonstrated that chronic HBV infection
causes liver cancer (hepatocellular carcinoma). These studies gener-
ally used relatively sensitive and specific serological markers to assess
chronic HBV infection. The association between chronic hepatitis B
and hepatocellular carcinoma remained strong after adjustment for
hepatitis C infection and potential confounding factors such as use
of alcohol and tobacco, medical history factors, and dietary exposure
to aflatoxin (in areas where aflatoxin contamination of food is com-
mon). A meta-analysis of the combined results of 32 studies published
between 1993 and 1997 reported a summary odds ratio of 13.7 (95%
confidence interval [CI] =12.2 to 15.4) for development of hepato-
cellular carcinoma among people chronically infected with HBV (as
assessed by the presence of HBV surface antigen in the blood) (Do-
nato et al. 1998, NTP 2003).

Cancer Studies in Experimental Animals

HBYV infects a limited range of hosts, primarily humans and great
apes (Tennant 2001); therefore, studies in experimental animals are
limited. In chimpanzees, HBV infection does not appear to increase
the risk of liver cancer (Muchmore et al. 1990). In studies with trans-
genic mice carrying HBV genes, liver cancer developed in some, but
not all, strains that produced high levels of viral surface antigen or
X protein (described below, under Properties), but not in strains ex-
pressing the entire HBV genome (NTP 2003).

Studies on Mechanisms of Carcinogenesis

Hepatocellular carcinoma usually emerges after 30 years of chronic
HBYV infection. During the decades of chronic infection, liver cells
undergo many changes as a consequence of ongoing viral replication.
Viral DNA becomes integrated into the host cells’ DNA through non-
homologous recombination, and the presence of these viral DNA se-
quences may contribute to development of cancer through multiple
steps, by any of several mechanisms. Expression of genes that reg-
ulate tissue growth may be altered by DNA sequences located near
that gene (cis-activation). Viral DNA also may be integrated into the
growth-regulatory genes themselves, causing mutation. Integration
of viral DNA may result in truncation at the 3" end of the gene cod-
ing for the middle surface antigen or the X protein, resulting in pro-
duction of novel proteins capable of binding to the cis-activating DNA
sequences that control gene expression (resulting in trans-activation).
The majority of HBV-positive hepatocellular carcinomas contain HBV
DNA sequences that code for trams-activator proteins. Viral inte-
gration also may result in general instability of chromosomal DNA.
Chromosome allele loss appears to be more frequent in HBV-positive
hepatocellular carcinomas than in HBV-negative hepatocellular car-
cinomas (N'TP 2003).
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It has also been suggested that some HBV proteins, such as the
surface antigens and the X protein, may contribute to tumor forma-
tion. In transgenic mice, overproduction of the HBV large surface
antigen leads to persistent inflammation, production of oxygen rad-
icals, and DNA damage. The X protein may activate viral and host-
cell promoters and signal transduction pathways, inhibit DNA repair,
and affect the cell cycle and apoptosis. High levels of the X protein
may transform immortalized mouse fibroblast (3T3) cells (NTP 2003).

Biological Properties

HBYV is an enveloped DNA virus that infects hepatocytes, causing
hepatitis B (Blum et al. 1983). It is a member of the Hepadnaviri-
dae family, which includes the genera Orthohepadnavirus (infecting
mammals) and Avihepadnavirus (infecting birds). The hepadna-
viruses have a characteristic partially double-stranded DNA genome,
which is held in a circular conformation by a short, cohesive over-
lap between the 5’ ends of the two strands (Ganem and Schneider
2001). The HBV genome codes for seven proteins: viral DNA poly-
merase, the core protein (hepatitis B core antigen, HBcAg), the pre-
core protein, the X protein, and three viral envelope (surface antigen,
HBsAg) proteins, large (L), middle (M), and small (S) (NTP 2003).
The virion has an icosahedral nucleocapsid, composed of core pro-
tein enclosing the viral genome. The nucleocapsid is surrounded by
an envelope 42 nm in diameter, which contains (in order of decreas-
ing abundance) the L, M, and S proteins. L is thought to specify the
virus’s host range, by recognizing cell surface receptors, and S is the
immunodominant component of the envelope. The functions of the
precore and X proteins are unknown. However, it has been proposed
that X affects a variety of cell processes, which may in turn signifi-
cantly affect hepatocyte gene expression, cell survival, and viral rep-
lication. The precore protein is cleaved to form a soluble protein
(hepatitis B envelope antigen), which is secreted from infected cells
and may be detected in the blood of infected individuals (Seeger and
Mason 2000, Ganem and Schneider 2001).

Detection

HBYV infection is confirmed by detection of HBV proteins, antibod-
ies against HBV proteins, or HBV DNA in the blood. The detec-
tion of different proteins and antibodies against these proteins are
indicators of different stages of infection. The presence of HBsAg
indicates acute or chronic HBV infection, whereas the presence of
anti-HBsAg antibodies indicates immunity (due to resolved infec-
tion or vaccination) (Hollinger and Dienstag 1995). Strictly speak-
ing, chronic HBV infection is defined by detection of serum HBsAg
in two tests six months apart; however, this criterion is not practical
for most epidemiological studies. Because adults who are not car-
riers of HBV are highly unlikely to test positive for HBsAg, a single
positive test result is considered a valid indicator of chronic carrier
state in epidemiological studies. Assays approved by the U.S. Food
and Drug Administration include enzyme or chemiluminescent im-
munoassays for HBsAg and anti-HBcAg antibodies and polymerase
chain reaction assays for HBV nucleic acid (FDA 2016).

Exposure

Studies measuring antibodies to HBV in blood serum have shown
that a significant number of people in the United States are chroni-
cally infected with HBV. At least 565,000 and up to 1,130,000 people
living in the United States (not including those residing in institu-
tions) have a chronic HBV infection (National Health and Nutrition
Examination Survey, as reported by Roberts et al. 2016). Since 1999,
the overall prevalence of chronic HBV infection has remained con-
stant at 0.3% (95% CI=0.2% to 0.4%). Chronic HBV infection is about
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twice as prevalent among non-Hispanic blacks (0.6%, 95% CI =0.4%
to 1.0%) and about 10 times as prevalent among non-Hispanic Asians
(3.1%, 95% CI=1.8% to 5.2%) as among the general public. The Cen-
ters for Disease Control and Prevention estimates that over 19,200
people had an acute HBV infection in 2014; however, the number of
new cases of acute infection per year has decreased from 13.8 per
100,000 in 1987 to 1.0 per 100,000 in 2013 (Goldstein et al. 2002,
CDC 2015, 2016). Screening of the U.S. blood supply began with a
test for HBsAg in 1971, followed by a test for hepatitis B core anti-
body in 1986, and most recently nucleic acid testing for HBV in 20009.

Worldwide, over 240 million people have chronic hepatitis B, and
more than 686,000 people die each year from HBV-related disease
(including cirrhosis and liver cancer) (WHO 2016). The prevalence
of chronic infection varies geographically, ranging from low (less
than 1%) in Western Europe and North America, to intermediate
(2% to 5%) in the Middle East and the Indian subcontinent, to high-
est (5% to 10%) in sub-Saharan Africa and East Asia, with high rates
also reported for the Amazon and the southern parts of eastern and
central Europe.

Transmission

The major routes of HBV transmission are parenteral (primarily by in-
jection or transfusion), through sexual contact, from mother to infant

at the time of birth, and through health-care practices (Hollinger and

Liang 2001). Mother-to-infant transmission is important primarily in

areas where HBV infection is endemic. In U.S. surveillance studies

conducted in 1992-93, most cases resulted from heterosexual trans-
mission (41%), followed by intravenous drug use (15%) and homo-
sexual transmission (9%); however, 31% of HBV infections were not

associated with any known risk factors (CDC 2002). Because the U.S.
blood supply is screened for HBV, the estimated risk of infection via

blood transfusion is about one in 800,000 to one in a million per trans-
fused unit (American Red Cross 2016). A risk also exists for transmis-
sion of HBV from HBV-infected donors to unininfected recipients

of solid (vascular) organ transplants (HHS 2013). The American So-
ciety of Transplantation guidelines state that decisions to transplant

organs from HBV-infected patients to uninfected adults should be

made on a case-by-case basis that considers the risks and benefits,
and with use of antiviral prophylaxis to reduce the rate of transmis-
sion of HBV to liver recipients (Huprikar et al. 2015).

Diseases (Non-Cancer), Prevention, and Treatment

HBYV infection can cause acute or chronic hepatitis B. Acute hepati-
tis B is characterized by tissue changes, including hyperplasia, inflam-
mation, and cell death, which appear to result from the host’s immune
response to HBV antigen (IARC 1994). Chronic hepatitis B, defined
as the presence of circulating HBsAg for over six months, develops
in individuals with acute hepatitis B who are not able to clear the vi-
rus. The risk of chronic hepatitis Bamong HBV-infected individuals
appears to depend on the status of the immune system at the time of
infection and is much higher in HBV-infected infants and children
than in HBV-infected adults. About 70% to 90% of infants infected
before one year of age develop chronic hepatitis B, whereas the risk
of chronic infection among HBV-infected adults is 5% to 10% (IARC
1994, Hollinger and Liang 2001). In chronic hepatitis B, the patient’s
immune response to HBV results in cycles of cell death and regener-
ation that may progress to fibrosis of the liver and cirrhosis (replace-
ment of normal liver tissue with bands of fibrous tissue surrounding
nodules of regenerating liver tissue) (Hollinger and Liang 2001).
HBYV infection can be prevented by screening of the blood supply,
reduction of contact with potentially contaminated fluids in health-
care settings, and vaccination. The Occupational Safety and Health
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Administration has established a bloodborne pathogens standard,
based on the concept of universal precautions, which requires that
body fluids and materials be treated as infectious (OSHA 1992). Re-
combinant hepatitis B vaccines, which contain HBsAg (produced by
genetically engineered yeast cells), have been available in the United
States since the 1980s and are recommended for all infants and for
individuals at high risk (Hollinger and Liang 2001). From 1999 to
2012, the overall adjusted prevalence of vaccine-induced immunity
for hepatitis B virus increased from 21.7% (95% CI = 20.8% to 22.7%)
in 1999 to 2006 to 25.1% (95% CI = 24.1% to 26.1%) in 2007 to 2012.
Hepatitis B is treated with immunomodulators (drugs that affect the
immune system and are not specific for HBV), antiviral drugs, and
combination therapy with both drug types; however, these drugs
have limited efficacy (Hollinger and Liang 2001, Schalm et al. 2002).

Regulations

Department of Transportation (DOT)

Infectious substances are considered hazardous materials, and special requirements have been set for
marking, labeling, and transporting these materials.

Food and Drug Administration (FDA, an HHS agency)

Regulations have been established to guard against the spread of hepatitis B virus through donation of
blood, serum, and human immune globulin, including requirements for donor screening, product
testing, and product labeling.

Each donation of blood, plasma, or serum to be used in preparing a biological product shall be tested
for the presence of hepatitis B surface antigen.

21 CFR 1270 and 1271 prescribe procedures, including donor screening and tissue testing, to ensure
that tissues intended for human transplant or other human cells, tissues, and cellular and tissue-
based products are free of hepatitis B virus.

Occupational Safety and Health Administration (OSHA)

Comprehensive regulations have been developed for employers to develop and adhere to exposure
control plans for bloodborne pathogens.

An employer shall make the hepatitis B vaccine available to employees who have had exposure to
pathogenic microorganisms.

All work-related needlestick injuries and cuts from sharp objects that are contaminated with another
person’s blood or other potentially infectious material must be recorded.

First-aid training program trainees must have adequate instruction in the value of universal
precautions for preventing infectious diseases.

Public Health Service (PHS, a division of HHS)
Regulations have been established to control the spread of hepatitis from hemodialysis treatment.

Guidelines

American Society of Transplantation (AST)

The AST has issued guidance for the use of solid organs from donors testing positive for HBV and
subsequent management of recipients of such organs.

Department of Health and Human Services (DHHS)

DHHS has issued an updated Public Health Service (PHS) quideline that prescribes donor screening
and notification (e.g., recipient informed consent) procedures to guard against transmission of
HBV through organ transplants. This guidance also includes a revised set of risk factors for HBV
infection to help improve recipient informed consent and prompt more sensitive laboratory
testing of donors and recipients when necessary.

Health Resources and Services Administration (HRSA, an HHS agency)

The Organ Procurement and Transplantation Network (OPTN) prescribes donor screening,
recordkeeping, notification, and organ and vessel packaging, labeling, shipping, and storage
procedures to guard against the spread of hepatitis B virus through solid (vascular) organ
transplantation.
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Hepatitis C Virus

CAS No.: none assigned

Known to be a human carcinogen

First listed in the Eleventh Report on Carcinogens (2004)
Also known as HCV

Carcinogenicity
Hepatitis C virus (HCV) is known to be a human carcinogen based
on sufficient evidence from studies in humans.

Cancer Studies in Humans

In epidemiological research, numerous cohort and case-control stud-
ies conducted in populations differing by race or ethnicity and in var-
ious geographical locations have demonstrated that chronic HCV
infection causes liver cancer (hepatocellular carcinoma) (NTP 2003).
A meta-analysis of 32 studies published between 1993 and 1997 re-
ported a summary odds ratio of 11.5 (95% confidence interval =9.9
to 13.3) (Donato et al. 1998), meaning that patients with chronic
HCYV infection were 11.5 times as likely as uninfected individuals
to develop hepatocellular carcinoma. These studies generally used
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relatively sensitive and specific serological markers (anti-HCV anti-
bodies or HCV RNA in the blood) to assess chronic HCV infection.
The association between HCV and hepatocellular carcinoma was
independent of hepatitis B virus (HBV) infection, and it remained
when studies controlled for potential confounders such as the use
of alcohol or tobacco. A number of recent studies have investigated
whether some genotypes of HCV may be more potent carcinogens
than others. Although the results are not entirely consistent, the ev-
idence generally supports the hypothesis that HCV genotype 1b is
more strongly associated with hepatocellular carcinoma than are
other HCV genotypes. A number of recent case-control studies and
one cohort study have linked HCV infection to increased risk of B-
cell lymphoma; however, many of these studies had relatively small
sample sizes, and all were hospital-based (NTP 2003). In 1994, the
International Agency for Research on Cancer classified HCV as car-
cinogenic to humans based on sufficient evidence of carcinogenicity
in humans (IARC 1994).

Cancer Studies in Experimental Animals

Studies of HCV in experimental animals are limited, because the
only animals known to be susceptible to HCV infection are chim-
panzees and tree shrews. Liver cancer (hepatocellular carcinoma)
was reported in one chimpanzee that had been infected with HCV
for seven years, but not in HCV-infected tree shrews (Linke et al.
1987, Muchmore et al. 1988, Xie et al. 1998). Hepatocellular carci-
noma also developed in a few lines of transgenic mice carrying HCV
genes; the cancer was observed primarily in males producing either
the HCV core protein or low levels of the complete HCV polyprotein
(components of the HCV virus, as discussed under Properties, below)
(Moriya et al. 1998, Koike et al. 2002, Lerat et al. 2002).

Studies on Mechanisms of Carcinogenesis

The mechanism(s) by which HCV causes liver cancer has not been
determined. HCV may cause cancer directly or indirectly, the latter
as a result of liver inflammation and regeneration associated with
chronic hepatitis. As an RNA virus, HCV does not integrate into the
DNA of the hepatitis patient’s cells; therefore, direct mechanisms
of carcinogenesis would most likely involve the effects of viral pro-
tein on cell growth (Fong et al. 1991). The HCV core protein is the
current leading suspect, based on its role in regulating cellular pro-
moters of gene expression and proto-oncogenes and on the studies
in transgenic mice mentioned above. Studies with cell cultures have
shown that the HCV core protein cooperates with the ras oncogene
to transform primary rat embryo fibroblasts to a tumorigenic phe-
notype (Ray et al. 1996). The roles of other HCV proteins in causing
liver cancer remain largely unexplored. HCV-related liver cancer al-
most always arises in the presence of cirrhosis of the liver, suggesting
the importance of indirect mechanisms such as inflammation, fibro-
sis, and hepatocyte regeneration in the development of cancer (Craig
et al. 1991, Bralet et al. 2000). It is hypothesized that cirrhosis results
in hepatocellular carcinoma when nodules within the cirrhotic liver
become dysplastic (i.e., precancerous cells develop within the nod-
ules) (Takayama et al. 1990). Several studies (though not all) have
reported an association between HCV-associated liver cancer and
[B-catenin gene mutations (which are associated with other types of
cancer); however, these studies were based on small numbers of tu-
mors (Huang et al. 1999, Laurent-Puig ez al. 2001, Ueta et al. 2002).

Biological Properties

HCV is an enveloped RNA virus, which causes most non-B viral hep-
atitis that is transmitted parenterally (i.e., by injection, transfusion,
or other contact with body fluids). It is a member of the Flaviviridae
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family of viruses and has a particle size of about 50 nm in diameter
(He et al. 1987). The positive-sense RNA genome (9,600 nucleotides)
codes for production of a polyprotein (3,000 amino acids); enzymes
produced by the virus and the host cell then cleave the polyprotein
into the smaller structural and nonstructural proteins that make up
the mature virus particle. The structural proteins, which are incorpo-
rated into the viral envelope, consist of the core (nucleocapsid) pro-
tein and two glycoproteins (E1 and E2). The nonstructural proteins
(N'S2, NS3, NS4A, NS4B, NS5A, and NS5B) serve as enzymes essen-
tial for protein processing and RNA replication; their functions in-
clude protease, nucleotide triphosphatase, RNA helicase, and RNA
polymerase activity (Rosenberg 2001).

Replication of HCV often results in random mutations that are
not corrected by the RNA polymerase because it lacks a proofread-
ing function. As a result, the genomes of HCV strains show exten-
sive variability. However, some regions of the genome are more
variable than others, and classification of HCV genotypes is based
on differences in the less variable regions of the genome. HCVs can
be divided into six phylogenetically distinct groups designated as
clades (groups of genotypes that share a common ancestor). Within
the clades, a number of subtypes (individual genotypes) have been
defined (Simmonds et al. 1993, Bukh et al. 1995, Simmonds 1995,
Robertson et al. 1998). All known types of HCV have the potential
to cause serious liver disease.

Detection

HCYV infection usually is confirmed by detection of antibodies against
HCYV proteins or by detection of HCV RNA. Anti-HCV antibodies
are detected by serological assays, and HCV RNA usually is detected
by tests based on the polymerase chain reaction.

Exposure

Studies measuring antibodies to HCV in serum have shown that a sig-
nificant number of people in the United States are infected with HCV.
Between 2.2 million to 3.2 million people (0.8% to 1.2% of people liv-
ing in the United States who were not residing in institutions) were
infected with HCV during the years 2003 to 2010 (National Health
and Nutrition Examination Survey, as reported by Denniston et al.
2014). These data showed economic disparity in chronic HCV infec-
tion; it was most common among non-Hispanic black men aged 40
to 49 years who were not educated beyond high school and whose
family income was below twice the poverty level (Denniston et al.
2014). The most common risk factors for HCV infection were illicit
drug use (including injection drug use) and a history of blood trans-
fusion before 1992; however, 49% of HCV-infected individuals did
not report either risk factor.

The worldwide prevalence of HCV seropositivity has been esti-
mated to be at least 92 million (1.6%) (Gower et al. 2014) and may be
as high as 170 million (3%) (Holtzman 2015). Prevalence varies geo-
graphically, ranging from 0.2% to 2.0% in Western Europe and most
other developed countries in Asia and Latin America, but higher rates
have been reported for individual countries in central Asia, Eastern
Europe, and sub-Saharan Africa (Gower et al. 2014). Prevalence was
highest in Egypt (14.7%), but between 0.5% and 3.2% in other North
African or Middle Eastern countries.

Transmission

The major route of HCV transmission is through contaminated blood.
Because the U.S. blood supply is screened for HCV, the estimated risk of
infection via blood transfusion is about one in a million per transfused
unit (American Red Cross 2016). Screening of the U.S. blood supply
began with a test for HCV antibody in 1990, and nucleic acid testing
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for HCV began in 1999. The major risk factor for infection is illegal
intravenous drug use. Other routes of transmission include sexual,
perinatal, familial (at low rates), and through health-care practices,
including transmission by contaminated equipment or supplies, from
patient to patient (at low rates), and through occupational exposure
(at low rates). In U.S. surveillance studies from 1983 to 1996, no epi-
demiological risk factors were identified for at least 10% of the cases
of acute hepatitis C (Alter et al. 1999, Major et al. 2001). The Amer-
ican Society of Transplantation (AST) strongly discourages trans-
plantation of an HCV-positive organ into an HCV-negative recipient,
because of extremely poor outcomes and the near certainty of trans-
mission of HCV. The AST also advises stringent informed consent
guidelines with any use of an HCV-positive donor (e.g., for a critically
ill patient awaiting a life-sustaining transplant, or transplantation of
an HCV-positive organ into an HCV-positive recipient) (Fischer et
al. 2013, Levitsky et al. 2013).

Diseases (Non-Cancer), Prevention, and Treatment

HCV can cause acute or chronic hepatitis. Acute hepatitis C usually
is characterized by elevated or fluctuating levels of alanine trans-
aminase (ALT). People with acute hepatitis C either have no symp-
toms (60% to 70%) or have mild clinical disease symptoms: 10% to
20% have nonspecific symptoms, such as nausea, vomiting, anorexia,
or abdominal pain, and 20% to 30% may become jaundiced. The aver-
age time from exposure to symptoms is six to seven weeks (MMWR
1998). Most people infected with HCV (75% to 80%) go on to de-
velop chronic hepatitis C. Individuals with chronic hepatitis C are
the source for all new infections and are at increased risk for chronic
liver disease, cirrhosis, and liver cancer (Bonkovsky and Mehta 2001).
Chronic hepatitis is associated with chronic liver injury and inflam-
mation. Liver injury appears to be a result of the patient’s immune
reaction to the virus, rather than damage by the virus itself. Chronic
infection usually results in progressive fibrosis of the liver, which
may progress to cirrhosis and other disease states. In the United
States, HCV is the leading cause of liver disease and may account for
8,000 to 10,000 deaths per year. As of 1996, most HCV-infected in-
dividuals were between 30 and 49 years of age; thus, the number of
deaths could substantially increase during the next 20 to 30 years, as
this group reaches the age at which complications from liver disease
usually occur (MMWR 1998, Alter et al. 1999). The World Health
Organization has estimated that 700,000 people die each year from
hepatitis C—related liver diseases (WHO 2016); the most common
causes of death are cirrhosis and liver cancer (Denniston et al. 2014).

HCV infection can be prevented by screening of the blood sup-
ply and reduction of contact with potentially contaminated fluids in
health-care settings. The Occupational Safety and Health Adminis-
tration has established a bloodborne pathogens standard, based on
the concept of universal precautions, which requires that body fluids
and materials be treated as infectious (OSHA 1992). Currently, HCV
is treated with interferon-based therapies, and no vaccine is available.

Regulations

Department of Transportation (DOT)

Infectious substances are considered hazardous materials, and special requirements have been set for
marking, labeling, and transporting these materials.

Food and Drug Administration (FDA, an HHS agency)

Regulations have been established to guard against the spread of hepatitis C through donation of
blood, serum, and human immune globulin, including requirements for donor screening, product
testing, and product labeling.

Regulations in 21 CFR 1270 and 1271 prescribe procedures, including donor screening and tissue
testing, to ensure that tissues intended for human transplant or other human cells, tissues, and
cellular and tissue-based products are free of hepatitis C.

National Toxicology Program, Department of Health and Human Services
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Each donation of blood or blood product to be used in preparing a biological product shall be tested for
the presence of hepatitis C surface antigen.

Occupational Safety and Health Administration (OSHA)

All work-related needlestick injuries and cuts from sharp objects that are contaminated with another
person’s blood or other potentially infectious material must be recorded.

First-aid training program trainees must have adequate instruction in the value of universal
precautions for preventing infectious diseases.

Comprehensive regulations have been developed for employers to develop, and adhere to, exposure-
control plans for bloodborne pathogens.

Public Health Service (PHS, a division of HHS)
Regulations have been established to control the spread of hepatitis from hemodialysis treatment.

Guidelines

American Society of Transplantation (AST)

The AST has issued guidance to guard against the spread of HCV through solid (vascular) organ
transplantation.

Department of Health and Human Services (DHHS)

DHHS has issued an updated Public Health Service (PHS) guideline that prescribes donor screening
and notification (e.g., recipient informed consent) procedures to guard against transmission of
HCV through organ transplants. This guidance also includes a revised set of risk factors for HCV
infection to help improve recipient informed consent and prompt more sensitive laboratory
testing of donors and recipients when necessary.

Health Resources and Services Administration (HRSA, an HHS agency)

The Organ Procurement and Transplantation Network (OPTN) prescribes donor screening,
recordkeeping, notification, and organ and vessel packaging, labeling, shipping, and storage
procedures to guard against the spread of HCV through solid (vascular) organ transplantation.
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Human Immunodeficiency Virus Type 1

CAS No.: none assigned
Known to be a human carcinogen
Also known as HIV-1

Carcinogenicity
Human immunodeficiency virus type 1 (HIV-1) is known to be a
human carcinogen based on sufficient evidence from studies in hu-
mans. This conclusion is based on epidemiological studies show-
ing that HIV-1 increases the risk of Kaposi sarcoma, non-Hodgkin
lymphoma, Hodgkin lymphoma, cervical cancer, invasive anal can-
cer, genital cancers (vaginal/vulvar and penile cancers), conjunctival
eye cancer, and non-melanoma skin cancer, together with support-
ing evidence from mechanistic studies demonstrating the biological
plausibility of its carcinogenicity in humans. Epidemiological stud-
ies also provide limited evidence for an association between HIV-1
infection and oral-related (oral cavity and oropharyngeal), lung, and
liver cancers.

The majority of these 12 types of cancer are considered to be re-
lated to co-infection with both HIV-1 and another cancer-causing
virus. HIV-1 infection impairs the body’s immune system so that it
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cannot adequately suppress or destroy cancer-causing viruses, re-
sulting in an increased risk that these viruses will cause cancer in co-
infected individuals. Discussion of the types of cancer associated with

HIV-1 infection (below) is organized by whether or not they are re-
lated to co-infection with another virus (CDC 1992, Gopal et al. 2014,
Patel et al. 2014). Three of the nine infection-related cancers (Kaposi

sarcoma, non-Hodgkin lymphoma, and cervical carcinoma) are types

of cancer whose presence has been used to diagnose acquired im-
munodeficiency syndrome (AIDS) and are known as AIDS-defining

cancers. AIDS is a disease caused by HIV-1 that attacks the body’s

immune system by reducing the number of CD4 T helper cells, which

help the body fight off infection. Viral co-infections have not been

identified for lung cancer, conjunctival eye cancer, or non-melanoma

skin cancer; however, viral co-infection is likely involved in one type

of non-melanoma skin cancer (Merkel cell carcinoma).

The impact on public health of HIV-1-related cancers is a ma-
jor concern, as the excess number of cancer cases due to HIV-1 in-
fection in the United States in 2010 was estimated to be over 3,900
(Robbins et al. 2015). In recent years, several studies have reported
that HIV-1-infected individuals have increased risks for non-AIDS-
defining cancers as a group, as well as for additional specific types
of cancer, especially those not thought to be related to co-infection
with other viruses (Shiels ef al. 2009, Albini et al. 2013, Franzetti et
al. 2013, Helleberg et al. 2015). Nonetheless, about 90% of the ex-
cess cancer due to HIV-1 infection identified by Robbins et al. is ac-
counted for by the types of cancer described in this profile.

Infection-Related Cancers
Cancer Studies in Humans

Evidence for associations between HIV-1 infection and Kaposi sar-
coma, non-Hodgkin lymphoma, Hodgkin lymphoma, cervical can-
cer, invasive anal cancer, vaginal/vulvar cancer, and penile cancer
is based on consistent findings of statistically significant increased
risk in numerous epidemiological studies in different populations. At
least 30 cohort studies published through 2015 with relatively large
numbers of HIV-1/AIDS cases (NTP 2016) found that people with
AIDS or infected with HIV-1 had moderate to very high increased
risks for most of these types of cancer, compared with the general
population or with HIV-1-negative individuals. Although the gen-
eral population may differ from HIV-1 infected individuals with re-
spect to lifestyle-related risk factors for specific types of cancer (i.e.,
potential confounding factors), the overwhelming strength of the as-
sociations between these cancers and HIV-1 infection in numerous
studies eliminates concern that the increased risks are explained by
these potential confounding factors.

The evidence for vaginal/vulvar and penile cancers, which are rare,
is based on a smaller number of studies (six or seven) for each type
of cancer (Newnham et al. 2005, Mbulaiteye et al. 2006, Long et al.
2008, Patel et al. 2008, Chaturvedi et al. 2009, Dal Maso et al. 2009,
Simard et al. 2010, Franzetti et al. 2013, Park et al. 2014, Raffetti et al.
2015). In general, similar risk estimates for penile cancer were found
across different HIV-1 risk groups (injection drug users, heterosexu-
als, and men having sex with men), which helps to rule out potential
confounding by lifestyle behaviors as the cause of the excess cancer
risk observed in these studies (Chaturvedi et al. 2009).

For each type of infection-related cancer, the table on the next
page summarizes the level of evidence, the risk estimates from the
studies, the cancer-causing virus with which the patients were in-
fected, and whether the risk increased with low CD4 cell counts
(which indicate impaired immune function) (NTP 2016).

There is limited evidence from studies in humans for a causal asso-
ciation between HIV-1 infection and oral-related cancer (oral-cavity
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Type of cancer Level of evidence

Risk estimates
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Increased risk with
low CD4 cell counts??

Cancer-causing
viral co-infection

Kaposi sarcoma sufficient/AIDS-defining 100s to 10,000s KSHV Yes
Non-Hodgkin lymphoma sufficient/AIDS-defining 10 to ~300 EBV, KSHV® Yes
Hodgkin lymphoma sufficient 41038 EBV Yes
Cervical sufficient/AIDS-defining 2t022 HPV Unclear; CIN = yes
Anal sufficient 10to 100 HPV Yes
Vaginal/vulvar sufficient 5to27 HPV Yes

Penile sufficient 4t028 HPV Unclear
Oral-related limited 2to4 HPV Unclear
Liver limited 2to 16 HCV/HBV Yes

CIN = cervical intraepithelial neoplasia; EBV = Epstein-Barr virus; HBV = hepatitis B virus; HCV = hepatitis C virus; HPV = human papillomavirus; KSHV =

Kaposi sarcoma-associated herpesvirus.
2Low CD4 counts are a measure of an impaired immune system.

"Some types of non-Hodgkin lymphoma, primary effusion lymphoma, and the plasmablastic variant of multicentric Castleman disease.

and oropharyngeal cancers). At least 19 cohort studies found that
HIV-1-infected people had 2- to 4-fold higher risks for oral-related
cancer (all types combined, oropharyngeal cancer, or specific oral-
cavity cancers) than did the general population or HIV-1-negative
individuals; two studies reported risks over 10-fold higher for can-
cers of the tonsil or tongue (NTP 2016). Interpretation of these mod-
estly increased risks is complicated by the fact that different subtypes
of oral-related cancers, which were combined in most HIV stud-
ies, may develop by different mechanisms. The link between oral
cancer and human papillomavirus (HPV) is likely to depend on the
specific type of oral cancer. Risk factors (such as sexual activity) for
HPV-related oropharyngeal cancer are thought to differ from those
for non-HPV-related oral-cavity cancers (such as cigarette smoking
and alcohol consumption) (Gillison et al. 2008). HPV-related can-
cers are more prevalent among HIV-1-infected than HIV-1-negative
individuals, either because they differ with respect to risk factors
for HPV or, possibly, because of the immunosuppressive effects of
HIV-1 (Beachler and D’Souza 2013). In addition, most studies did
not measure or control for other risk factors for oral cancer. In the
only study identified that evaluated tobacco smoking, HIV-1 infec-
tion, and oropharyngeal cancer in HIV-1-positive and -negative in-
dividuals, controlling for smoking reduced the risk estimate from 1.9
to 1.4 (Silverberg et al. 2011).

Epidemiological studies also provide limited evidence for an asso-
ciation between HIV-1 infection and liver cancer (primarily hepato-
cellular carcinoma). At least 40 studies reported an increased risk
(2- to 16-fold) of liver cancer among HIV-1-positive individuals; how-
ever, it is not possible to reasonably rule out the possibility that the
excess risk can be explained by biases in these studies (NTP 2016).
In the United States, hepatitis B virus (HBV) and hepatitis C virus
(HCV) are more common among HIV-1-infected individuals than in
the general population. Therefore, it is not clear whether HIV-1 in-
fection is a potential confounding factor, because it is correlated with
HBV or HCV infection, or whether it plays an active role in the devel-
opment of HBV- and HCV-related liver cancer, primarily by suppress-
ing the immune system. There is evidence to suggest that progression
to end-stage liver disease or liver cancer is more aggressive in individ-
uals co-infected with HIV-1 and HBV or HCV (Mohsen et al. 2002,
Bourcier et al. 2012). In addition, several studies have found the risk
of liver cancer to be associated with immune-system suppression, as
measured by low CD4 cell counts, which would support a role for
HIV-1 in cancer development (Engels e al. 2008, Guiguet et al. 2009,
Silverberg et al. 2011, Vogel et al. 2011, Kramer et al. 2015). Some
studies investigating the risk of liver cancer among individuals co-
infected with HIV-1 and HCV have found no increased risk associ-
ated with HIV-1 co-infection or after controlling for HCV, arguing
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against a causal role for HIV-1 (Kramer et al. 2005, McGinnis et al.
2006, Di Benedetto et al. 2014). However, a limitation of these stud-
ies is that the cohorts may not have been followed up long enough
for them to have developed liver cancer, which has a long period be-
tween initial exposure and development of cancer.

Studies on Mechanisms of Carcinogenesis

The available data support a mechanism of carcinogenesis in which
an HIV-1-impaired immune system cannot adequately suppress or
destroy cancer-causing viruses, resulting in increased risks of can-
cers caused by these viruses (NTP 2016). The risks of most (though
not all) of the 12 types of cancer discussed above are related to de-
creased CD4 cell count; however, the relationships for the different
types of cancer may depend on the timing of the decrease in CD4 cell
count. In addition, high mortality from some types of cancer (such as
cervical) during the early years of the AIDS epidemic, before the in-
troduction of highly active antiretroviral therapy (HAART, more re-
cently referred to as combined antiretroviral therapy, cART), might
have masked the relationship between cancer risk and CD4 cell count
(Chaturvedi et al. 2009). Abnormalities in cervical cells and an in-
creased cancer risk from precancerous cervical lesions have been as-
sociated with low CD4 counts in several studies (Denslow et al. 2014).

HAART, which reduces the level of HIV-1 in the blood, has sub-
stantially decreased the risks of Kaposi sarcoma and non-Hodgkin
lymphoma, supporting the link between HIV-1 infection and in-
creased risk of these cancers. However, the cancer risks remain higher
among HIV-1-infected individuals than among non-HIV-1-infected
individuals (Shiels et al. 2011a,b). In contrast, the risks of Hodgkin
lymphoma, invasive anal cancer, and possibly the genital cancers have
increased with the advent of HAART, in part because people with
HIV-1 now survive longer. This results in a larger and older popula-
tion of HIV-1-positive individuals, thus increasing the chance that
these types of cancer will develop and be observed. In addition, the
toxicity of some of the antiretroviral drugs used in HIV-1/AIDS treat-
ment may increase the risk of cancer (Borges et al. 2014). The effect
of HAART is less clear for cervical cancer; some, but not all, studies
have found decreased risk since the advent of HAART.

Impaired immune function alone clearly does not fully explain
the incidences of cancer and range of cancer types observed among
HIV-1-infected individuals either before or after the advent of
HAART. Although HAART improves immune function and lowers
the level of HIV-1 in the blood, it only partially reduces the inflam-
mation associated with HIV-1 infection, suggesting that inflamma-
tion and other molecular pathways may contribute to the increased
cancer risk (Borges et al. 2013, 2014). Some studies showed that cu-
mulative or current levels of HIV-1 RNA in the blood were associ-



Report on Carcinogens, Fourteenth Edition

ated with an increased risk of AIDS-defining cancers independently
of other risk factors, or that specific HIV-1 proteins (e.g., Tat and
Vpr) might work synergistically with other cancer-causing viruses
(Borges et al. 2014).

Cancers Not Known To Be Infection-Related
Cancer Studies in Humans

Evidence for associations between HIV-1 infection and conjuncti-
val eye cancer and non-melanoma skin cancer is based on consis-
tent findings of statistically significant increased risks in numerous
epidemiological studies in different populations. The increased risks
have ranged from moderate to high. The evidence for lung cancer
is limited, because potential confounding from smoking could not
be completely ruled out as the cause of lung cancer in these studies.

The evidence for an association of HIV-1 infection with conjunc-
tival eye cancer comes from at least four cohort studies and four
case-control studies (IARC 2012, NTP 2016) that reported positive
associations, with relative risks ranging from 12 to 15 in most of the
studies.

Over 15 studies have reported increased risks of non-melanoma
skin cancer associated with HIV-1 infection, ranging mostly from
1.5- to 6-fold, but up to 20-fold in a few studies (NTP 2016). A meta-
analysis that combined the findings of six cohort studies of people
with HIV-1/AIDS published between 2003 and 2013 reported an
overall relative risk of 2.76 (95% confidence interval =2.55 to 2.98)
(Zhao et al. 2015). In addition, a cohort study found a positive asso-
ciation between the level of HIV-1 RNA in the blood and the risk of
non-melanoma skin cancer, suggesting an exposure-response rela-
tionship (Crum-Cianflone et al. 2015). Increased incidences of Merkel
cell carcinoma, a rare form of non-melanoma skin cancer caused by
Merkel cell polyomavirus (MCV), have been found in HIV-1-infected
individuals in some studies (Engels et al. 2002), suggesting that this
type of non-melanoma skin cancer can be considered an infection-
related cancer. However, no studies have measured both MCV and
HIV-1 viruses in Merkel cell carcinoma patients, so it is not known
whether Merkel cell carcinoma is more likely to occur in people co-
infected with both viruses than in those infected with a single virus.

The majority of studies (at least 48) have reported a positive asso-
ciation between HIV-1 infection and lung cancer (NTP 2016). Most
of these studies reported statistically significant increased risks of ap-
proximately 1.5- to 6-fold. It has been suggested that tobacco smoking
could explain the excess risk, because many of these studies compared
lung cancer incidence between HIV-1-infected cohorts (with 40% to
80% smokers) and the general population, where the prevalence of
smoking is typically much lower (20% to 40%). However, almost all
studies that controlled for smoking (Phelps et al. 2001, Engels et al.
2006, Kirk et al. 2007, Shiels et al. 2010, Sigel et al. 2012, Hessol et al.
2015) or used statistical models to estimate the effect of smoking on
cancer risk (Charturvedi et al. 2007) found the risks of lung cancer in-
cidence or death to be at least doubled, and most of the increased risks
were statistically significant. Although one study did not find an in-
creased risk of lung cancer among the total HIV-1-infected population
after adjusting for smoking (Silverberg et al. 2011), increased risks
were found among those HIV-1-infected individuals whose blood
had the highest levels of HIV-1 RNA (> 10,000 copies/mL) or lowest
CD4 cell counts (< 200 cells/uL, the cutoff CD4 count for an AIDS
diagnosis). The evidence suggests that tobacco smoking does not ex-
plain all of the excess risk of lung cancer among people infected with
HIV-1. However, because smoking may not have been measured pre-
cisely in these studies, the possibility that smoking was the sole cause
of lung cancer in these HIV-1-infected individuals could not reason-
ably be ruled out.
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Studies on Mechanisms of Carcinogenesis

Mechanisms of carcinogenicity for these non-infection-related, non-
AIDS-defining cancers are unclear, but (as with the AIDS-defining
cancers) may be related to impaired immune function and inflam-
mation in people infected with HIV-1 (NTP 2016). In addition, tra-
ditional risk factors (such as smoking, alcohol abuse, exposure to
ultraviolet radiation, and age) may play a primary role in or con-
tribute to the increased risk of non-AIDS-defining cancers in peo-
ple with HIV-1 (Silverberg and Abrams 2007, Engels 2009, Shiels et
al. 2011a, Borges et al. 2014). Furthermore, evidence is emerging
for a direct carcinogenic effect of HIV-1 and some of its proteins,
such as disruption of the cell-division cycle, inhibition of tumor-
suppressor genes, promotion of chromosome instability, inhibition
of DNA repair, and promotion of the carcinogenic effects of other
agents (Borges et al. 2014).

Biological Properties

HIV-1 was first identified as the virus associated with AIDS in 1983.
It is an enveloped single-stranded RNA retrovirus of the subfamily
Orthoretrovirinae and genus Lentivirus (IARC 1996, 2012). HIV-1
is composed of an outer lipid membrane envelope with two surface
proteins surrounding a protein matrix, inside of which is a protein
capsid (shell) containing two copies of the 9.8-kb viral genome and
the enzymes for viral replication, integration into host-cell genetic
material, and processing of viral proteins.

HIV-1 infections are typically characterized by a long delay before
the emergence of symptoms (IARC 1996, 2012, DHHS 2015). HIV-1
infects mainly CD4 cells, and also other cells of the immune sys-
tem, including B cells, monocytes, macrophages, and follicular den-
dritic cells (IARC 1996, 2012). The immune system responds with
increased production of CD8 (killer) T cells and antibodies that kill
infected CD4 cells and other infected white blood cells. CD4 cells
are also killed by viral replication and disruption of cell regulation.
After an initial peak of infection, the amount of HIV-1 in the blood
decreases (IARC 1996, 2012, CDC 2016a). The virus can then re-
main at low levels for 2 to 25 years, averaging about a decade, and
can evade detection by the immune system through several mech-
anisms, including producing proteins that prevent the immune sys-
tem from detecting the virus.

Detection

HIV-1 has been detected primarily in blood and sexual fluids (se-
men and vaginal secretions) and in very low concentrations in other
body fluids, including saliva, urine, sweat, and tears (which may show
higher concentrations if they have been contaminated by blood or
sexual fluids) (IARC 1996, 2012). The most common detection meth-
ods have been based on detecting anti-HIV-1 antibodies by enzyme-
linked immunosorbent assay, with confirmation by laboratory-based
Western blot immunoassay or immunofluorescence assay for anti-
HIV-1 antibodies (CDC 1989). Anti-HIV-1 antibodies typically can-
not be detected by these methods until one to three months after
infection (Hecht et al. 2011). Several more rapid and sensitive meth-
ods have been developed to screen for and confirm the presence of
anti-HIV-1 antibodies, HIV-1 protein, and HIV-1 RNA in the blood.
Some RNA-based detection methods also can measure HIV-1 in
dried blood samples (Smit et al. 2014).

Exposure

A significant number of people living in the United States are infected
with HIV-1. The current number is about 1.2 million, of whom an
estimated 13% are unaware of their infection status (CDC 2015b).
It is estimated that about 50,000 new HIV-1 infections occur in the
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United States each year. Although the incidence of new HIV-1 infec-
tions has remained stable over recent years, it varies considerably by
risk group. Gay, bisexual, and other men who have sex with men, par-
ticularly young African American men, are most likely to be newly
infected with HIV-1 (CDC 2012, 2015b).

AIDS typically results from long-term untreated HIV-1 infection.
Approximately 65% of people newly diagnosed with HIV-1 remain
untreated (the proportion varying by state of residence), accounting
for 90% of new AIDS cases (CDC 2015c¢). About 1.2 million people
in the United States have been diagnosed with AIDS since the start
of the epidemic in 1981 (CDC 2015b). In 2013, 47,350 people were
newly diagnosed with HIV-1 and 26,700 with AIDS. Since the start of
the epidemic, about 660,000 people diagnosed with AIDS have died.

Transmission

HIV-1 is transmitted from one individual to another primarily dur-
ing sexual activity (oral, anal, or vaginal), when HIV-1 in infected

sexual fluids crosses mucous membranes to enter the bloodstream.
Infection can also occur by direct blood-to-blood transmission, es-
pecially in certain populations, primarily through sharing of nee-
dles by injection drug users or, more rarely, by transmission through

the skin, such as via needlestick injuries, or by the transfusion of in-
fected blood (if the blood supply is not effectively screened for HIV-1)

(IARC 2012). Because the U.S. blood supply and donated organs and

tissues are screened for HIV-1, transmission via blood transfusion or

organ transplant is expected to be rare (DHHS 2013). The estimated

risk of infection via blood transfusion is about one in 1 million to 1.5

million per transfused unit (American Red Cross 2016). Screening of
the U.S. blood supply began with a test for HIV-1/HIV-2 antibody in

1985, and nucleic acid testing for HIV-1 began in 1999.

Contact of nonsexual mucous membranes or broken skin with in-
fected blood or body fluids by healthcare workers or first responders
may also increase the risk of HIV-1 transmission (CDC 1987, Ippolito
et al. 1999, Leiss et al. 2006); however, the risk of infection by these
routes is estimated to be less than 1% (Cardo et al. 1997). Transmis-
sion of HIV-1 from mothers to children occurs in utero, through in-
fection of the child’s mucous membranes during birth, or through
breast milk.

The two primary behavioral risk factors for HIV-1 transmission in
most developed countries are the practice of unprotected sex, par-
ticularly unprotected anal sex, and the sharing of needles used to in-
ject drugs. Additional risk factors for HIV-1 infection include other
sexually transmitted infections (such as chlamydia and gonorrhea),
which can increase the risk of sexually transmitted HIV-1 infection
in part by causing inflammation or rupture of mucous membranes in
the vagina, vulva, penis, or anus. However, treatment or prevention
of other sexually transmitted diseases does not always result in de-
creased HIV-1 infection rates (as reviewed by Ng et al. 2011). Other
risk factors include circumcision and hormonal, immune, and ge-
netic factors (IARC 1996, 2012).

Diseases (Non-Cancer), Prevention, and Treatment

The World Health Organization (WHO 2007) classifies four clinical
stages of infection, from primary HIV-1 infection to AIDS. The CDC
case definition for AIDS (CDC 1992, 1999) includes the presence of
over 20 AIDS-associated infections or related conditions or a CD4
cell count in the blood of less than 200/uL, resulting in impairment
of immune function (CDC 2015d). The most common non-cancer
diseases associated with HIV-1 infection are those that most com-
monly occur in people with impaired immune systems. These include
the fungal infections candidiasis, pneumocystis pneumonia, histo-
plasmosis, and cryptococcosis; the bacterial infections tuberculo-
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sis and mycobacterium avium complex; and the parasitic infections
toxoplasmosis and cryptosporidiosis. A number of AIDS-related dis-
eases are caused by viruses (such as cytomegalovirus and the cancer-
causing viruses KSHV, EBV, and HPV, as discussed above) (IARC
1996, 2012, CDC 2015d). Some chronic conditions that are more
common among HIV-1-infected than noninfected people (such as
HIV-1-associated kidney disease) may result in part from long-term
treatment with antiretroviral drugs, rather than from HIV-1 infec-
tion itself (Feeney and Mallon 2011).

With respect to prevention, behavioral risk-reduction strategies
include education about safer sex practices (abstinence, consistent
condom use, and testing for HIV-1 status), education about the risk
of infection from contact of mucous membranes or broken skin with
infected fresh blood, and the use of clean needles, particularly among
high-risk populations, including sex workers, injection drug users,
and infected pregnant mothers (CDC 2015a).

Effective screening of the blood supply and increased implementa-
tion of HIV-1 testing programs using rapid tests have reduced infec-
tion rates (CDC 2006). Starting short-term antiretroviral therapy soon
after a high-risk exposure can prevent the establishment of HIV-1 in-
fection, and pre-exposure treatment is now recommended for specific
high-risk populations (CDC 2014). Early initiation of HIV-1 treat-
ment has been shown to reduce the risk of transmitting HIV-1 to
an uninfected partner by 96% (CDC 2016b). The risk of mother-to-
infant HIV-1 transmission has been greatly reduced by treatment
of the mother with antiretroviral drugs beginning before labor and
continuing through breastfeeding, as well as by treatment of the in-
fant immediately after birth and for up to 14 weeks among breast-
fed infants (Newell and Thorne 2004, UNAIDS 2013). Transmission
has also been shown to be reduced by Caesarean delivery (European
Mode of Delivery Collaboration 1999).

Treatment to reduce the viral load of HIV-1 consists of five
main classes of antiretroviral drugs: fusion or entry inhibitors, inte-
grase inhibitors, protease inhibitors, nucleoside/nucleotide reverse-
transcriptase inhibitors, and non-nucleoside reverse-transcriptase
inhibitors, which are designed to block various steps in the HIV-1
replication cycle (NIAID 2013). Combinations of these drugs (e.g.,
protease inhibitors and nucleoside reverse-transcriptase inhibitors)
(HAART, or cART) are now incorporated into standard treatment
guidelines (e.g., DHHS 2015).

A substantial international effort to develop an effective vaccine
for HIV-1 has proved challenging (Wang et al. 2015), and no prophy-
lactic or therapeutic vaccine is currently available. The National In-
stitute of Allergy and Infectious Diseases Web site provides updated
information on HIV vaccine research (NIAID 2015).

Regulations

Bureau of Prisons (BOP)

The BOP manages infectious diseases in the confined environment of a correctional setting through a
comprehensive approach that includes HIV-1 testing.

The BOP may place an inmate who tests positive for HIV-1in controlled housing status when there is
reliable evidence that the inmate may engage in conduct posing a health risk to another person.

Victims of severe forms of human trafficking in federal custody shall receive necessary medical care
and other assistance, including free optional testing for HIV-1 and other sexually transmitted
diseases in cases involving sexual assault or trafficking into the sex industry.

Department of Defense (DoD)

If required by an agreement or local requirements, HIV-1 testing for deployment of contractors
authorized to accompany the force in applicable contingency operations must occur within 1 year
before deployment. The Combatant Command surgeon should be consulted in all instances of
HIV-1 seropositivity before medical clearance for deployment.

Military health system personnel who provide or coordinate medical care for victims of sexual assault
under the Sexual Assault Prevention and Response Program are required to consult with the
victim, once clinically stable, regarding further healthcare options, including testing, prophylactic
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treatment options, and follow-up care for possible exposure to HIV-1and other sexually
transmitted diseases or infections.

Department of Health and Human Services (DHHS)

Designated states under the Substance Abuse Prevention and Treatment Block Grant program (i.e.,
any state whose rate of cases of AIDS is 10 or more per 100,000 individuals) must make early
intervention services for HIV-1 disease, including testing to confirm the presence of the disease,
available to individuals undergoing treatment for substance abuse.

Department of Homeland Security (DHS)

Aliens applying for temporary resident status or adjustment from temporary to permanent resident
status are required to submit the result of a serologic test for HIV-1 virus.

Any alien inadmissible under Section 212(a)(1)(A)(i) of the Immigration and Nationality Act, as
amended by the Immigration Reform and Control Act of 1986, because of HIV-1 infection may be
issued a B-1 (business visitor) or B-2 (visitor for pleasure) nonimmigrant visa and be authorized
for temporary admission into the United States for a period of 30 days subject to conditions in 8
CFR4()(2).

Department of Housing and Urban Development (HUD)

HUD implements programs (e.g., Housing Opportunities for Persons with AIDS, Shelter Plus Care)
designed to provide rental assistance for permanent housing and supportive services (including
health care) for low-income individuals with HIV-1/AIDS and homeless persons with disabilities,
including HIV-1/AIDS, and their families.

Department of Transportation (DOT)

Infectious substances are considered hazardous materials, and special requirements have been set for
marking, labeling, and transporting these materials.

Department of Veterans Affairs (DVA)

For any record maintained in connection with the performance of any program or activity relating
to infection with HIV-1, information may be disclosed to a federal, state, or local public health
authority charged with protection of the public health under federal or state law, and to which
federal or state law requires such disclosure, if a qualified representative of such authority has
made a written request for such record pursuant to such law for a purpose authorized by such law.

A physician or professional counselor may disclose information indicating that a patient is infected
with HIV-1 to the spouse of the patient or to an individual whom the patient has (during the
process of counseling or of HIV-1 testing) identified as being a sexual partner of the patient.

Food and Drug Administration (FDA, an HHS agency)

Since May 2015, 21 CFR 606, 610, 630, 640, and 660 prescribe procedures, including recordkeeping,
donor screening and notification, blood and blood component testing, and product labeling, to
guard against the spread of HIV-1 through donation of blood, serum, or plasma.

21 CFR 1270 and 1271 prescribe procedures, including donor screening and tissue testing, to ensure
that tissues intended for human transplant or other human cells, tissues, and cellular and tissue-
based products are free of HIV-1.

21 CFR 864 identifies class designations (Class I, II, or Ill) of analyte-specific reagents (e.g., analytes
intended as components in tests intended for use in the diagnosis of HIV-1/AIDS) that determine
the type of premarketing submission or application required for FDA clearance to market.

21 CFR 866 identifies the in vitro HIV-1 drug resistance genotype assay (a device intended for use in
detecting HIV-1 genomic mutations that confer resistance to specific anti-retroviral drugs, as an
aid in monitoring and treating HIV-1 infection) as a Class Il medical device with special controls
(i.e., a guidance document) requiring premarket notification for FDA clearance to market.

Patient examination and surgeon’s gloves must be sampled and tested for leaks and other visual
defects to reduce the risk of transmission of HIV-1.

The labeling of over-the-counter vaginal contraceptive and spermicide drug products containing
nonoxynol-9 as the active ingredient must contain warnings that these products do not protect
against the transmission of HIV-1/AIDS, may increase the risk of getting HIV-1/AIDS from an
infected partner, and should not be used by individuals who have HIV-1/AIDS or are at high risk
for HIV-1/AIDS.

Health Resources and Services Administration (HRSA, an HHS agency)

The recovery of organs for the purpose of transplantation from individuals infected with HIV-1 was
prohibited beginning in 1988. However, an exception to this prohibition has been in place since
2013, when the transplantation of organs from HIV-1-positive donors was approved for recipients
who were HIV-1-positive prior to receiving such organs.

Occupational Safety and Health Administration (OSHA)

Comprehensive regulations have been developed for employers to develop and adhere to exposure
control plans for bloodborne pathogens.

All work-related needlestick injuries and cuts from sharp objects that are contaminated with another
person’s blood or other potentially infectious material must be recorded.

First-aid training program trainees must have adequate instruction in the value of universal
precautions for preventing infectious diseases.

Public Health Service (PHS, a division of HHS)

Programs or practitioners engaged in opioid treatment of individuals with an opioid agonist treatment
medication must provide counseling on preventing exposure to and transmission of HIV-1 disease
for each patient admitted or readmitted to maintenance or detoxification treatment.

Serologic testing for HIV-1 s required for aliens over 15 years of age who are applying for immigrant
visas; are students, exchange visitors, or other applicants for nonimmigrant visas required by a
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United States consular authority to have a medical examination; are outside the United States
applying for refugee status; or are in the United States applying for adjustment of their status
under the immigration statute and regulations.

Guidelines

Centers for Disease Control and Prevention (CDC, an HHS agency)

National Institutes of Health (NIH, an HHS agency)

HIV Medicine Association (HIVMA) of the Infectious Diseases Society of

America (IDSA)

The CDC, NIH, and HIVMA have issued federally approved HIV-1/AIDS medical practice guidelines.

Department of Defense (DoD)

DoD Instruction 6485.01 establishes policy, assigns responsibilities, and prescribes procedures for the
identification, surveillance, and management of members of the military services infected with
HIV-1and for prevention activities to control transmission of HIV-1.

Department of Health and Human Services (DHHS)

DHHS has issued guidance regarding enrollment of children with disabilities (including HIV-1, AIDS-
related complex, or AIDS) in Head Start programs. The guidance includes direction in the event
that a child with disabilities presents a problem involving biting or bodily fluids.

DHHS has issued an updated Public Health Service guideline that prescribes donor screening and
notification (e.g., recipient informed consent) procedures to guard against transmission of HIV-1
through organ transplants. This guidance also includes a revised set of risk factors for HIV-1
infection to help improve recipient informed consent and prompt more sensitive laboratory
testing of donors and recipients when necessary.

Food and Drug Administration (FDA, an HHS agency)

The FDA has issued numerous guidance documents prescribing procedures (e.g., use of standardized
labels, abbreviated donor screening questionnaires) for reducing the risk of virus transmission by
blood and blood products.

Health Resources and Services Administration (HRSA, an HHS agency)

The Organ Procurement and Transplantation Network prescribes donor screening, recordkeeping,
notification, and organ and vessel packaging, labeling, shipping, and storage procedures to guard
against the spread of HIV-1 through solid (vascular) organ transplantation.

National Institutes of Health (NIH, an HHS agency)

Centers for Disease Control and Prevention (CDC, an HHS agency)

The NIH and (DC have published criteria for research involving transplantation of HIV-infected donor
organs in HIV-positive recipients to (1) ensure that research using organs from HIV-positive donors
is conducted under conditions protecting the safety of research participants and the general
publicand (2) ensure that the results of this research provide a basis for evaluating the safety of
solid organ transplantation from HIV-positive donors to HIV-positive recipients.

References

Albini L, Calabresi A, Gotti D, Ferraresi A, Festa A, Donato F, Magoni M, Castelli F, Quiros-Roldan E. 2013.
Burden of non-AIDS-defining and non-virus-related cancers among HV-infected patients in the combined
antiretroviral therapy era. AIDS Res Hum Retroviruses 29(8): 1097-1104.

American Red Cross. 2016. Infectious Disease Testing. http://www.redcrossblood.org/learn-about-blood/
blood-testing. Last accessed: 8/3/16.

Beachler DC, D'Souza G. 2013. Oral human papillomavirus infection and head and neck cancers in HIV-
infected individuals. Curr Opin Oncol 25(5): 503-510.

Borges AH, Silverberg MJ, Wentworth D, Grulich AE, Fatkenheuer G, Mitsuyasu R, et al. 2013. Predicting

risk of cancer during HIV infection: The role of inflammatory and coagulation biomarkers. AIDS 27(9):

1433-1441.

Borges AH, Dubrow R, Silverberg MJ. 2014. Factors contributing to risk for cancer among HIV-infected

individuals, and evidence that earlier combination antiretroviral therapy will alter this risk. Curr Opin

HIV AIDS 9(1): 34-40.

BourcierV, Winnock M, Ait Ahmed M, Sogni P, Pambrun E, Poizot-Martin |, et al. 2012. Primary liver cancer
is more aggressive in HIV-HCV coinfection than in HCV infection. A prospective study (ANRS C013 Hepavih

and (012 Cirvir). Clin Res Hepatol Gastroenterol 36(3): 214-221.

Cardo DM, Culver DH, Ciesielski CA, Srivastava PU, Marcus R, Abiteboul D, et al. 1997. A case-control study

of HIV seroconversion in health care workers after percutaneous exposure. Centers for Disease Control and

Prevention Needlestick Surveillance Group. N Engl / Med 337(21): 1485-1490.

(DC. 1987. Recommendations for prevention of HIV transmission in health-care settings. Morbid Mortal
Wkly Rep 36(Suppl 2): 15-18S.

(DC. 1989. Interpretation and use of the Western blot assay for serodiagnosis of human immunodeficiency

virus type 1 infections. Morbid Mortal Wkly Rep 38(Suppl 7): 1-7.

(DC. 1992. 1993 Revised classification system for HIV infection and expanded surveillance case definition

for AIDS among adolescents and adults. Morbid Mortal Wkly Rep 41(RR-17): 1-19.

(DC. 1999. Guidelines for national human immunodeficiency virus case surveillance, including monitoring

for human immunodeficiency virus infection and acquired immunodeficiency syndrome. Morbid Mortal

Wkly Rep 48(RR-13): 1-28.



Report on Carcinogens, Fourteenth Edition

(DC. 2006. Revised recommendations for HIV testing of adults, adolescents, and pregnant women in
health-care settings. Morbid Mortal Wkly Rep 55(RR-14): 1-17.

(DC. 2012. Estimated HIV incidence in the United States, 2007—2010. HIV Surveill Supp! Rep 17(4): 1-26.
(DC. 2014. Preexposure Prophylaxis for the Prevention of HIV Infection in the United States — 20174. Centers
for Disease Control and Prevention. https://aidsinfo.nih.gov/guidelines and select Preexposure Prophylaxis
(PrEP) Guidelines).

(DC. 2015a. Compendium of Evidence-Based Interventions and Best Practices for HIV Prevention. Centers for
Disease Control and Prevention. Last updated: 8/10/15. http://www.cdc.gov/hiv/prevention/research/
compendium/rr/complete.html.

(DC. 2015b. HIV in the United States: At A Glance. Centers for Disease Control and Prevention. Last updated:
7/1/15. http://www.cdc.gov/hiv/statistics/basics/ataglance.html.

(DC. 2015¢. Monitoring selected national HIV prevention and care objectives by using HIV surveillance data.
United States and 6 dependent areas — 2013. Centers for Disease Control and Prevention. 70 pp. http://
www.cde.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillancereport_vol20_no2.pdf.

(DC. 2015d. Opportunistic Infections. Centers for Disease Control and Prevention. Last updated: 1/16/15.
http://www.cdc.gov/hiv/basics/livingwithhiv/opportunisticinfections.html.

(DC. 2016a. Prevention Benefits of HIV Treatment. Last updated: 2/9/2016. http://www.cdc.gov/hiv/
research/biomedicalresearch/tap/index.html and select HIV Treatment.”

(DC. 2016h. Recommendations for HIV Prevention with Adults and Adolescents with HIV in the United States,
2074. Centers for Disease Control and Prevention. 240 pp. Last updated: 5/3/2016. https://aidsinfo.nih.
gov/quidelines and select Adult and Adolescent Ol Prevention and Treatment Guidelines.

Chaturvedi AK, Pfeiffer RM, Chang L, Goedert JJ, Biggar RJ, Engels EA. 2007. Elevated risk of lung cancer
among people with AIDS. AIDS 21(2): 207-213.

Chaturvedi AK, Madeleine MM, Biggar RJ, Engels EA. 2009. Risk of human papillomavirus-associated
cancers among persons with AIDS. J Natl Cancer Inst 101(16): 1120-1130.

Crum-Cianflone NF, Wang X, Ganesan A, Okulicz J, Weintrob A, LalaniT, Agan B. 2015. Short Communication:
HIVRNA levels predict AIDS-defining and non-AIDS-defining cancers after antiretroviral therapy initiation
among HIV-infected adults. AIDS Res Hum Retroviruses 31(5): 514-518.

Dal Maso L, Polesel J, Serraino D, Lise M, Piselli P, Falcini F, et al. 2009. Pattern of cancer risk in persons
with AIDS in Italy in the HAART era. Br J Cancer 100(5): 840-847.

Denslow SA, Rositch AF, Firnhaber C, Ting J, Smith JS. 2014. Incidence and progression of cervical lesions
in women with HIV: A systematic global review. Int J STD AIDS 25(3): 163-177.

Di Benedetto N, Peralta M, Alvarez E, Schroder MT, Estepo C, Paz S, Fainboim H. 2014. Incidence of
hepatocellular carcinoma in hepatitis C cirrhotic patients with and without HIV infection: A cohort study,
1999-2011. Ann Hepatol 13(1): 38-44.

DHHS. 2013. Blood Transfusions & Organ/Tissue Transplants. AIDS.gov, U.S. Department of Health and
Human Services. Last updated: 9/27/13. https://www.aids.gov/hiv-aids-basics/prevention/reduce-your-
risk/blood-transfusions-organ-donation.

DHHS. 2015. Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents. Panel
on Antiretroviral Guidelines for Adults and Adolescents, Department of Health and Human Services. 288 pp.
https://aidsinfo.nih.gov/contentfiles/Ivguidelines/adultandadolescentgl.pdf.

Engels EA. 2009. Non-AIDS-defining malignancies in HIV-infected persons: Etiologic puzzles, epidemiologic
perils, prevention opportunities. A/DS 23(8): 875-885.

Engels EA, Frisch M, Goedert JJ, Biggar RJ, Miller RW. 2002. Merkel cell carcinoma and HIV infection.
Lancet 359(9305): 497-498.

Engels EA, Brock MV, Chen J, Hooker CM, Gillison M, Moore RD. 2006. Elevated incidence of lung cancer
among HIV-infected individuals. J Clin Oncol 24(9): 1383-1388.

Engels EA, Biggar RJ, Hall HI, Cross H, Crutchfield A, Finch JL, et al. 2008. Cancer risk in people infected
with human immunodeficiency virus in the United States. Int J Cancer 123(1): 187-194.

European Mode of Delivery Collaboration. 1999. Elective caesarean-section versus vaginal delivery in
prevention of vertical HIV-1 transmission: A randomised clinical trial. Lancet 353(9158): 1035-1039.
Feeney ER, Mallon PW. 2011. HIV and HAART-associated dyslipidemia. Open Cardiovasc Med J 5: 49-63.
Franzetti M, Adomni F, Parravicini C, Vergani B, Antinori S, Milazzo L, Galli M, Ridolfo AL. 2013. Trends
and predictors of non-AIDS-defining cancers in men and women with HIV infection: A single-institution
retrospective study before and after the introduction of HAART. J Acquir Immune Defic Syndr 62(4): 414-420.
Gillison ML, D"Souza G, Westra W, Sugar E, Xiao W, Bequm S, Viscidi R. 2008. Distinct risk factor profiles
for human papillomavirus type 16-positive and human papillomavirus type 16-negative head and neck
cancers. J Nat/ Cancer Inst 100(6): 407-420.

Gopal S, Achenbach CJ, Yanik EL, Dittmer DP, Eron JJ, Engels EA. 2014. Moving forward in HIV-associated
cancer. J Clin Oncol 32(9): 876-880.

Guiguet M, Boué F, Cadranel J, Lang JM, Rosenthal E, Costagliola D, Clinical Epidemiology Group of the
F-ACOc. 2009. Effect of immunodeficiency, HIV viral load, and antiretroviral therapy on the risk of individual
malignancies (FHDH-ANRS C04): A prospective cohort study. Lancet Oncol 10(12): 1152-1159.

Hecht FM, Wellman R, Busch MP, Pilcher (D, Norris PJ, Margolick JB, et al. 2011. Identifying the early post-
HIV antibody seroconversion period. J Infect Dis 204(4): 526-533.

Helleberg M, May MT, Ingle SM, Dabis F, Reiss P, Fatkenheuer G, et al. 2015. Smoking and life expectancy
among HIV-infected individuals on antiretroviral therapy in Europe and North America. AIDS 29(2): 221-
229.

National Toxicology Program, Department of Health and Human Services

For definitions of technical terms, see the Glossary.

Hessol NA, Martinez-Maza 0, Levine AM, Morris A, Margolick JB, Cohen MH, Jacobson LP, Seaberg EC.
2015. Lung cancer incidence and survival among HIV-infected and uninfected women and men. AIDS
29(10): 1183-1193.

1ARC. 1996. Human Immunodeficiency Viruses and Human T-Cell Lymphotropic Viruses. IARC Monographs on
the Evaluation of Carcinogenic Risks to Humans, vol. 67. Lyon, France: International Agency for Research
on Cancer. 447 pp.

IARC. 2012. Human immunodeficiency virus-1. In Biological Agents. IARC Monographs on the Evaluation
of Carcinogenic Risks to Humans, vol. 100B. Lyon, France: International Agency for Research on Cancer.
pp. 215-253.

Ippolito G, Puro V, Heptonstall J, Jagger J, De Carli G, Petrosillo N. 1999. Occupational human
immunodeficiency virus infection in health care workers: Worldwide cases through September 1997.
(lin Infect Dis 28(2): 365-383.

Kirk GD, Merlo C, P OD, Mehta SH, Galai N, Vlahov D, Samet J, Engels EA. 2007. HIV infection is associated
with an increased risk for lung cancer, independent of smoking. Clin Infect Dis 45(1): 103-110.
Kramer JR, Giordano TP, Souchek J, Richardson P, Hwang LY, El-Serag HB. 2005. The effect of HIV coinfection
on the risk of cirrhosis and hepatocellular carcinoma in U.S. veterans with hepatitis C. Am J Gastroenterol
100(1): 56-63.

Kramer JR, Kowalkowski MA, Duan Z, Chiao EY. 2015. The effect of HIV viral control on the incidence of
hepatocellular carcinoma in veterans with hepatitis C and HIV coinfection. J Acquir Immune Defic Syndr
18(4): 456-462.

Leiss JK, Ratcliffe JM, Lyden JT, Sousa S, Orelien JG, Boal WL, Jagger J. 2006. Blood exposure among
paramedics: Incidence rates from the national study to prevent blood exposure in paramedics. Ann
Epidemiol 16(9): 720-725.

Long JL, Engels EA, Moore RD, Gebo KA. 2008. Incidence and outcomes of malignancy in the HAART era
in an urban cohort of HIV-infected individuals. AIDS 22(4): 489-496.

Mbulaiteye SM, Katabira ET, Wabinga H, Parkin DM, Virgo P, Ochai R, Workneh M, Coutinho A, Engels EA.
2006. Spectrum of cancers among HIV-infected persons in Africa: The Uganda AIDS-Cancer Registry Match
Study. Int J Cancer 118(4): 985-990.

McGinnis KA, Fultz SL, Skanderson M, Conigliaro J, Bryant K, Justice AC. 2006. Hepatocellular carcinoma
and non-Hodgkin's lymphoma: The roles of HIV, hepatitis C infection, and alcohol abuse. J Clin Oncol
24(31): 5005-5009.

Mohsen AH, Easterbrook P, Taylor (B, Norris S. 2002. Hepatitis Cand HIV-1 coinfection. Gut 51(4): 601-608.

Newell ML, Thorne C. 2004. Antiretroviral therapy and mother-to-child transmission of HIV-1. Expert Rev
Anti Infect Ther 2(5): 717-732.

Newnham A, Harris J, Evans HS, Evans BG, Moller H. 2005. The risk of cancer in HIV-infected people in
southeast England: a cohort study. BrJ Cancer 92(1): 194-200.

Ng BE, Butler LM, Horvath T, Rutherford GW. 2011. Population-based biomedical sexually transmitted
infection control interventions for reducing HIV infection. Cochrane Database Syst Rev 2011(3): 1-48.
NIAID. 2013. Types of HIV/AIDS Antiretroviral Drugs. National Institute of Allergy and Infectious Diseases.
Last updated: 9/23/13. http://www.niaid.nih.gov/topics/HIVAIDS/Understanding/Treatment/pages/
arvdrugclasses.aspx.

NIAID. 2015. HIV Vaccine Research. National Institute of Allergy and Infectious Diseases. Last updated:
9/29/15. http://www.niaid.nih.gov/topics/hivaids/research/vaccines/Pages/default.aspx.

NTP. 2016. Report on Carcinogens Monograph on Human Immunodeficiency Virus Type 1. Research Triangle
Park, NC: National Toxicology Program. 108 pp. http://ntp.niehs.nih.gov/go/733995.

Park LS, Tate JP, Rodriguez-Barradas MC, Rimland D, Goetz MB, Gibert C, et al. 2014. Cancer incidence
in HIV-infected versus uninfected veterans: Comparison of cancer registry and ICD-9 code diagnoses. J
AIDS Clin Res 5(7): 1000318.

Patel P, Hanson DL, Sullivan PS, Novak RM, Moorman AC, Tong TC, et al. 2008. Incidence of types of cancer
among HIV-infected persons compared with the general population in the United States, 1992-2003. Ann
Intern Med 148(10): 728-736.

Patel P, Armon C, Chmiel JS, Brooks JT, Buchacz K, Wood K, Novak RM. 2014. Factors associated with
cancer incidence and with all-cause mortality after cancer diagnosis among human immunodeficiency
virus-infected persons during the combination antiretroviral therapy era. Open Forum Infect Dis 1(1):
0fu012.12 pp.

Phelps RM, Smith DK, Heilig CM, Gardner LI, Carpenter CC, Klein RS, et al. 2001. Cancer incidence in women
with or at risk for HIV. Int J Cancer 94(5): 753-757.

Raffetti E, Albini L, Gotti D, Segala D, Maggiolo F, di Filippo E, et al. 2015. Cancer incidence and mortality
for all causes in HIV-infected patients over a quarter century: A multicentre cohort study. BMC Public
Health 15: 235-243.

Robbins HA, Pfeiffer RM, Shiels MS, Li J, Hall HI, Engels EA. 2015. Excess cancers among HIV-infected
people in the United States. J Nat/ Cancer Inst 107(4). 8 pp.

Shiels MS, Cole SR, Kirk GD, Poole C. 2009. A meta-analysis of the incidence of non-AIDS cancers in HIV-
infected individuals. J Acquir Immune Defic Syndr 52(5): 611-622.

Shiels MS, Cole SR, Mehta SH, Kirk GD. 2010. Lung cancer incidence and mortality among HIV-infected
and HIV-uninfected injection drug users. J Acquir Immune Defic Syndr 55(4): 510-515.

Shiels MS, Pfeiffer RM, Gail MH, Hall HI, Li J, Chaturvedi AK, et al. 2011a. Cancer burden in the HIV-infected
population in the United States. J Nat/ Cancer Inst 103(9): 753-762.



Report on Carcinogens, Fourteenth Edition

Shiels MS, Pfeiffer RM, Hall HI, Li J, Goedert JJ, Morton LM, Hartge P, Engels EA. 2011b. Proportions of
Kaposi sarcoma, selected non-Hodgkin lymphomas, and cervical cancer in the United States occurring
in persons with AIDS, 1980-2007. JAMA 305(14): 1450-1459

Sigel K, Wisnivesky J, Gordon K, Dubrow R, Justice A, Brown ST, et al. 2012. HIV as an independent risk
factor for incident lung cancer. AIDS 26(8): 1017-1025.

Silverberg MJ, Abrams DI. 2007. AIDS-defining and non-AIDS-defining malignancies: Cancer occurrence
in the antiretroviral therapy era. Curr Opin Oncol 19(5): 446-451.

Silverberg MJ, Chao C, Leyden WA, Xu L, Horberg MA, Klein D, et al. 2011. HIV infection, immunodeficiency,
viral replication, and the risk of cancer. Cancer Epidemiol Biomarkers Prev 20(12): 2551-2559.

Simard EP, Pfeiffer RM, Engels EA. 2010. Spectrum of cancer risk late after AIDS onset in the United States.
Arch Intern Med 170(15): 1337-1345.

Smit PW, Sollis KA, Fiscus S, Ford N, Vitoria M, Essajee S, et al. 2014. Systematic review of the use of dried
blood spots for monitoring HIV viral load and for early infant diagnosis. PLoS One 9(3): e86461. 8 pp.
UNAIDS. 2013. Global Report: UNAIDS Report on the Global AIDS Epidemic 2013. Geneva, Switzerland:
Joint United Nations Programme on HIV/AIDS. 194 pp. http://www.unaids.org/sites/default/files/media
asset/UNAIDS_Global_Report_2013_en_1.pdf.

Vogel M, Friedrich 0, Liichters G, Holleczek B, Wasmuth JC, Anadol E, et al. 2011. Cancer risk in HIV-infected
individuals on HAART is largely attributed to oncogenic infections and state of immunocompetence. Fur
JMed Res 16(3): 101-107.

Wang HB, Mo QH, Yang Z. 2015. HIV vaccine research: The challenge and the way forward. J Immunol
Res 2015: 503978. 5 pp.

WHO. 2007. WHO Case Definitions of HIV for Surveillance and Revised Clinical Staging and Immunological
(lassification of HIV-Related Disease in Adults and Children. Geneva, Switzerland: World Health Organization.
52 pp.

Zhao H, Shu G, Wang S. 2015. The risk of non-melanoma skin cancer in HIV-infected patients: New data
and meta-analysis. Int J STD AIDS 27(7): 568-575.

Human Papillomaviruses: Some Genital-
Mucosal Types

CAS No.: none assigned

Known to be human carcinogens

First listed in the Eleventh Report on Carcinogens (2004)
Also known as HPVs

Carcinogenicity
Some human papillomaviruses (HPVs) of the genital-mucosal type

are known to be human carcinogens based on sufficient evidence of
carcinogenicity from studies in humans.

Cancer Studies in Humans

In epidemiological research, numerous case-control studies have con-
sistently reported strong associations between cervical cancer and
infection with HPV-16, HPV-18, or “high-risk” HPVs as a class (dis-
cussed under Properties, below). Moreover, several case-control stud-
ies have provided strong evidence of positive associations between
cervical cancer and other individual HPVs, including HPV types 31,
33, 35, 39, 45, 51, 52, 58, and 59 (Muiioz 2000). Cohort studies have
demonstrated that infection with HPV-16 or with high-risk HPVs
as a class occurs before the development of high-grade cervical in-
traepithelial neoplasia (CIN), which is thought to be a precursor of
invasive cancer. The evidence from cohort studies is weaker for in-
dividual high-risk viruses, possibly because they are less common;
among these, the evidence for an association with cervical cancer ap-
pears to be strongest for HPV-18 (NTP 2003). It is unlikely that the
association between HPV infection and cervical cancer is due to other
factors that could increase the risk of cancer, because many studies
included these factors in their analysis, and because of the large mag-
nitude of the odds ratios estimated in the case-control studies. Thus,
these studies demonstrate that some genital-mucosal HPVs cause cer-
vical cancer. In addition to the association with cervical cancer, there
is strong evidence that HPV-16 infection is associated with other ano-
genital cancers, especially cancer of the vulva (NTP 2003). Evidence
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also suggests associations between HPV infection and some cancers
of the head and neck and, especially, the soft palate (oropharynx),
tonsils, and back of the tongue and throat (NTP 2003).

Based on testing of tissue specimens from more than 1,000 inva-
sive malignant cervical tumors from women from 22 countries (col-
lected for the International Biological Study of Cervical Cancer), it
was estimated that HPV is present in 99.7% of all malignant cervi-
cal tumors, suggesting that HPV infection may be necessary for de-
velopment of cervical cancer (Walboomers et al. 1999). Nonetheless,
not all individuals infected with HPV develop cervical cancer. Most
HPYV infections (about 70%) clear within one to two years, and thus
confer little risk of cancer. The specific risk factor for cervical can-
cer appears to be persistent infection with HPV-16 or other high-
risk HPVs. Whether HPV infections persist probably depends both
on viral characteristics, such as greater persistence of specific HPV
types or variants, and on characteristics of the patient, such as sex-
hormone levels, smoking behavior, or immune-system status.

Since human papillomaviruses (some genital-mucosal types) were
listed in the Eleventh Report on Carcinogens, numerous human can-
cer studies on HPVs have been published. The International Agency
for Research on Cancer concluded that HPV types 16, 18, 31, 33, 35,
39,45, 51, 52, 56, 58, 59, and 66 were carcinogenic in humans based
on sufficient evidence for the carcinogenicity of HPV-16 in the cer-
vix, vulva, vagina, penis, anus, oral cavity, and oropharynx and suf-
ficient evidence for the carcinogenicity of HPV types 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, and 66 in the cervix. IARC also concluded
that there was limited evidence for the carcinogenicity of HPV types
6, 11, and 18 in the vulva, penis, and anus; HPV types 6, 11, 16, and
18 in the larynx; HPV-18 in the vagina; and HPV-16 in the periun-
gual skin (the skin around the fingernails or toenails) (IARC 2007)

Cancer Studies in Experimental Animals

Because HPV infections are specific to humans, experimental animals
cannot be infected with them. Many studies have investigated the car-
cinogenicity of various animal papillomaviruses both in their natural
host species and in other species. Studies in monkeys, cattle, rabbits,
and sheep have shown that animal papillomaviruses cause cancer in
their natural hosts. Studies in transgenic mice carrying HPV genes

demonstrated that HPV proteins play a role in the development of
abnormal tissue growth (dysplasia) and progression to tumor forma-
tion. Transgenic mice expressing some HPV type 16 or 18 genes and
producing the corresponding viral proteins developed tumors of the

cervix and other tissues (Arbeit et al. 1994, Comerford et al. 1995).

Studies on Mechanisms of Carcinogenesis

Infection with high-risk HPVs is associated with chromosomal ab-
errations, including abnormal centrosome numbers, chromosomal
imbalances at specific chromosomal regions, and changes in chro-
mosome number, including tetrasomy and other types of aneuploidy.

HPV can integrate into the DNA of the host cell and can immortal-
ize and transform cells, enabling them to proliferate and form tumors.
Most studies on the mechanisms of HPV carcinogenesis have investi-
gated HPV-16 and HPV-18. HPV types 16, 18, 31, and 33 have been
shown to transform cells, types 16, 18, and 31 to immortalize cells,
and types 16 and 18 to produce proteins that bind to regulatory pro-
teins of the host cell. The HPV proteins E2 and E5 and the long con-
trol region of the HPV genome (discussed under Properties, below)
play a role in HPV-induced cell transformation. However, the HPV
proteins primarily responsible for immortalization and transforma-
tion are E6 and E7, as shown in studies with human and rodent cell
cultures. Studies with transgenic mice expressing the E6 or E7 gene
further support the notion that the E6 and E7 proteins are important
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in HPV-associated neoplasia. Both the E6 and E7 proteins alter the

pathways that regulate tissue growth, by interfering with growth re-
ceptors or growth factors; production of cytokines has been shown
to be altered in cells infected with HPV-16. The E6 protein increases

degradation of the p53 tumor-suppressor protein, thereby interfering
with apoptosis. The E7 protein disrupts complexes of the transcrip-
tion factor E2F with the tumor-suppressor protein pRb and related
proteins involved in control of the cell cycle and causes their degra-
dation, altering control of transcription and progression of the cell cy-
cle. The E7 protein has been shown to cause abnormal synthesis and
duplication of centrosomes, resulting in abnormal mitotic division.

Properties

HPVs of the genital-mucosal type are DNA viruses that infect the gen-
ital skin and genital and non-genital mucosa, sometimes causing gen-
ital warts or cervical abnormalities. They are members of the family
Papillomaviridae, which consists of species-specific non-enveloped
viruses that infect the squamous epithelium of the skin and muco-
sal membranes of animals. More than 100 different HPVs had been
identified by 2004, including viruses that cause skin warts as well as
the genital-mucosal type (Howley and Lowy 2001). The over 40 gen-
ital-mucosal HPVs have been classified as either “high risk” or “low
risk”; high-risk viruses have been associated with cervical cancer in
human epidemiological studies, whereas low-risk viruses have been
associated with genital warts or low-grade CIN (abnormal tissue
growth in the cervical epithelium that is unlikely to progress to can-
cer). Most studies have considered HPV types 16, 18, 31, 33, 35, 39,
45,51, 52, 56,58, 59, and 68 to be high-risk viruses; some studies also
include other HPVs, most notably HPV-66. Classification of HPVs
is based also on phylogenetic and mechanistic considerations. Most
high-risk viruses have DNA sequences highly similar to those of ei-
ther HPV-16 or HPV-18, suggesting that they are closely related to
these types. Studies on the mechanisms of carcinogenesis have shown
that high-risk but not low-risk viruses immortalize human keratino-
cytes (skin cells), interact with the tumor-suppressor proteins pRb
and p53, and cause chromosomal aberrations. However, most mech-
anistic studies have evaluated only a few HPVs, the majority focusing
on HPV-16 or HPV-18 and a few on HPV-31 or HPV-33.

HPVs are small (about 52 to 55 nm in diameter), consisting of
about 8,000 base pairs of covalently closed, double-stranded DNA.
The viral genome consists of a series of open reading frames, each of
which is a DNA sequence that codes for an HPV protein, and a long
control region, which contains elements that regulate DNA replica-
tion and protein synthesis. Productive infection of cells (leading to
replication of the virus) is linked to their stages of differentiation. Vi-
ral replication can be divided into early and late stages, which occur
in cells at different stages of differentiation. Early stages of replica-
tion (including attachment of the virus to the cell, entry and uncoat-
ing, early gene expression, protein production, and DNA replication)
occur in basal cells. These cells are the youngest, least differentiated
cells and are located in the lower layers of the epithelium; they are
the only dividing cells in the squamous epithelium. Late stages of vi-
ral replication, which include the events leading to production of viral
particles (late gene expression, production of capsid proteins, vege-
tative viral DNA replication, and virus assembly and release), occur
in the terminally differentiating squamous epithelial cells, which are
the oldest, most differentiated cells, in the upper layers of the epi-
thelium. The genes expressed in the early stages of viral replication,
designated E1 through E8, are associated with regulation of tran-
scription (e.g., E2) and cellular proliferation (e.g., E6 and E7). The
genes expressed in the late stages, designated L1 and L2, encode the
two proteins that make up the viral capsid (Howley and Lowy 2001).
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Detection

HPV infection is detected by observation of visible lesions or micro-
scopic changes in cells, by detection of HPV DNA, or by detection of
antibodies against HPV proteins in the blood. Genital warts (condy-
lomata acuminata) are genital lesions visible to the naked eye; they
have a fleshy red appearance and a raised surface that usually extends
in papillae. Flat condylomata are flat, nonpapillary lesions; they are
more difficult to detect and may be apparent only after swabbing
with acetic acid and colposcopic examination, in which they appear
as white, flat, shiny lesions. The Papanicolaou (Pap) smear, which in-
volves microscopic examination of stained exfoliated genital cells, de-
tects koilocytosis (the presence of cells with abnormal nuclei and a
hollow appearance resulting from collapse of the cell’s internal struc-
ture) and other signs of CIN; it is used to screen for cervical cancer
by detecting high-grade CIN (Trofatter 1997).

The most sensitive and specific method for detecting HPV in-
fection is to test for HPV DNA. DNA testing can be used to detect
a broad spectrum of HPV genotypes (Trofatter 1997). Detection of
HPV DNA signifies present exposure or persistent infection result-
ing from a past exposure. The most sensitive HPV DNA tests are
(1) those based on the polymerase chain reaction and (2) the hybrid
capture assay, which is based on the formation of hybrids between
HPV DNA and RNA probes. The most commonly used serologi-
cal tests for HPV infection measure antibodies (immunoglobulin G)
against capsid antigens (most often tested as virus-like particles). Sev-
eral validation studies have estimated the sensitivity of such serolog-
ical tests to be approximately 50%, using detection of HPV DNA as
a standard (Dillner 2000). Because of their low sensitivity, serologi-
cal assays are not recommended for diagnostic use, but they are use-
ful for comparison of groups in epidemiological studies, which also
commonly use HPV DNA testing. Clinical diagnosis of HPV is most
commonly based on the hybrid capture II assay.

Exposure

Studies measuring HPV DNA in tissue samples have shown that a
significant number of people in the United States are infected with
HPV. The Centers for Disease Control and Prevention (CDC) have
estimated that 79 million people in the United States are infected
with HPV and the number of new genital HPV cases per year (inci-
dence) to be 14 million (CDC 2014). For most populations of mixed
age groups, the prevalence of HPV infection has been estimated at 5%
to 15%. The percentage of infected individuals (prevalence) is high-
est among those who are young and sexually active. U.S. epidemio-
logical studies based on HPV DNA testing indicate that between 25%
and 40% of sexually active women aged 15 to 25 are infected (Lowy
and Howley 2001). Several follow-up studies reported very high in-
cidences of HPV infection (as detected by HPV DNA testing) among
young, sexually active individuals, with three-year cumulative inci-
dences ranging from 43% to 55% (Ho et al. 1998, Moscicki et al. 2001).
HPV-16 appears to be the most prevalent type worldwide (Jastreboff
and Cymet 2002). In a study of women aged 18 to 40 with no history
of high-grade CIN, among whom the prevalence of HPV was 39%,
high-risk HPVs were more common (occurring in 26.7% of women)
than low-risk HPVs (occurring in 14.7%) (Peyton et al. 2001).

Transmission

Genital-mucosal HPVs are transmitted primarily through sexual con-
tact with infected cervical, vaginal, vulvar, penile, or anal epithelium
(IARC 1995). This finding is supported by numerous epidemiological
studies demonstrating that HPV infection is associated with behav-
iors related to sexual activity. Numerous studies of HPV in women
have reported a positive association between lifetime number of sex
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partners and HPV seropositivity (Sun et al. 1999, Silins et al. 2000)
or the presence of HPV DNA (Franco et al. 1995, Kjeer et al. 1997,
Lazcano-Ponce et al. 2001). Recent sexual activity, the number of
sex partners, frequency of sexual intercourse, and presence of geni-
tal warts on sex partners are strong predictors of HPV infection, as
indicated by HPV DNA testing (Franco et al. 1995, Ho et al. 1998).
The role of men in carrying HPV infection from one woman to an-
other has been demonstrated in studies showing that cervical cancer
is relatively more frequent among wives whose husbands have de-
tectable HPV DNA in their penis or whose husbands have had more
extramarital partners (Bosch et al. 1996). Penile lesions containing
the DNA of high-risk HPVs are frequent among male sex partners
of women with CIN (Bleeker et al. 2002). There are conflicting re-
ports as to whether HPV is transmitted at birth or perinatally. In-
fants exposed perinatally to HPV-11, or less commonly to HPV-6,
may develop a rare benign tumor of the airway called juvenile-onset
recurrent respiratory papillomatosis (Shoultz et al. 1997).

Diseases (Non-Cancer), Prevention, and Treatment

HPV infection is one of the most common sexually transmitted dis-
eases, but it appears that the majority of those infected have no symp-
toms. Among all U.S. men and women aged 15 to 49, the estimated
prevalence of HPV infection (based on HPV DNA testing) is 10% to
20%, whereas only 1% have genital warts, and 4% show cellular ab-
normalities associated with HPV infection (Koutsky 1997). In people
infected with HPV, about 90% are asymptomatic, and the infection
resolves spontaneously within two years (CDC 2015). Some studies
have suggested that low-risk HPV infections are more likely to re-
gress than are high-risk HPV infections (Franco et al. 1999, Elfgren
et al. 2000).

The immune system plays an important role in HPV infection;
immunocompromised patients are at increased risk for persistent
HPV infection (Lowy and Howley 2001). However, in some individ-
uals, genital-mucosal HPVs infect the cervix, causing lesions of vary-
ing severity, including genital warts, low- and high-grade CIN, and
invasive cervical cancer (Einstein and Burk 2001). Low-grade CIN
(CINI) is a well-differentiated lesion in which the squamous epithe-
lial cells show alterations characteristic of the cytopathogenic effects
of a replicative viral infection, such as the presence of two nuclei or
other nuclear abnormalities and koilocytosis. The alterations seen in
CIN I are not usually considered to be precursors of cancer. The ma-
jority of CIN I lesions are transient and resolve spontaneously, but a
small percentage may progress to high-grade CIN or invasive cancer
(Jastreboff and Cymet 2002). Both high-risk and low-risk HPVs can
cause low-grade CIN (IARC 1995). High-grade CIN (CIN II or III)
is characterized by the presence of undifferentiated cells above the
lower third of the epithelium (extending into the upper layers) and
by nuclear crowding, substantial pleomorphism, loss of tissue orga-
nization and cellular polarity, abnormal mitotic figures, and larger
numbers of atypical cells than observed in low-grade CIN (IARC
1995). High-grade CIN probably results from persistent HPV infec-
tion, and it is more likely than low-grade CIN to progress to invasive
cancer. (CIN III is also known as carcinoma iz sity, or noninvasive
cancer.) Microinvasive squamous-cell cervical cancer usually arises
from high-grade CIN.

Two HPV vaccines are licensed by the U.S. Food and Drug Admin-
istration and recommended by the CDC (CDC 2010). Both vaccines
are effective against HPV types 16 and 18, which are responsible for
most cervical cancer, and one of the vaccines is also effective against
HPV 6 and 11, which cause genital warts. Both vaccines are given
in three doses, with the second dose given one to two months after
the first and the third dose six months after the first (CDC 2009). In
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2015, the CDC Advisory Committee on Immunization Practices rec-
ommended a new HPV vaccine that protects against the four HPV
types covered by the original vaccine plus five additional cancer-caus-
ing types (31, 33, 45, 52, and 58) (Petrosky et al. 2015). Treatment
of HPV infection depends on the severity of the disease and may in-
volve topical applications, interferon-related therapies, or excision of
the lesion via laser methods, surgery, or cryotherapy.

Regulations

No specific regulations or guidelines relevant to reduction of expo-
sure to HPVs were identified.
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Human T-Cell Lymphotropic Virus Type 1

CAS No.: none assigned
Known to be a human carcinogen
Also known as HTLV-1

Carcinogenicity

Human T-cell lymphotropic virus type 1 (HTLV-1) is known to be a
human carcinogen based on sufficient evidence from studies in hu-
mans. This conclusion is based on evidence from epidemiological
and molecular studies, which show that HTLV-1 causes adult T-cell
leukemia/lymphoma (ATLL), and on supporting mechanistic data.
Infection with HTLV-1 has been shown to precede development of
the cancer, and the HTLV-1 DNA is integrated into the genome of
the infected cells, at the same location in the host-cell DNA in all of
the cancer cells in a given individual (Yoshida et al. 1984). In addi-
tion, over 90% of ATLL patients are infected with HTLV-1, and can-
cer-causing (oncogenic) viral proteins are produced in the host cells
(IARC 2012).

Cancer Studies in Humans

Epidemiological and molecular studies demonstrate a credible asso-
ciation between HTLV-1 infection and ATLL, which is a rare and ag-
gressive T-cell cancer found most commonly in areas where HTLV-1

is endemic, such as Japan, the Caribbean, and the Middle East. Infec-
tion with HTLV-1 is one of the diagnostic criteria for ATLL. The origi-
nal link between HTLV-1 infection and ATLL came from case reports

and case-series studies that found consistent evidence of HTLV-1 in-
fection in ATLL cases; over 550 HTLV-1-associated cases of ATLL

were reported in case-series studies published between 1985 and

2005 (IARC 1996, 2012). In addition, eight cohort studies were iden-
tified, including six studies in Japan (IARC 2012), one study in the

United States (Biswas et al. 2010), and one study in Israel (Stienlauf
et al. 2013). The findings of these studies suggest a greater risk of dis-
ease and mortality in male than in female HTLV-1 carriers in Japan,
but this might not be true for other populations. In four nested case-
control studies in HTLV-1 cohorts (Hisada et al. 1998a,b, Arisawa

et al. 2002, Okayama et al. 2004), the risk of developing ATLL was

greater with higher proviral load (the percentage of circulating CD4

T cells with integrated viral DNA) or higher anti-HTLV-1 antibody

levels. Prospective studies and detection of a monoclonal insertion

site of HTLV-1 DNA in tumors indicate that infection precedes di-
agnosis of ATLL.

National Toxicology Program, Department of Health and Human Services
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Studies on Mechanisms of Carcinogenesis

Studies of human cells demonstrate that a key HTLV-1 protein, Tax,
can immortalize T cells (enabling them to proliferate indefinitely)
both in vitro and in immunodeficient mice in the absence of other vi-
ral products (IARC 2012). Tax causes cancer by affecting several on-
cogenic pathways. It interacts with host-cell proteins (specifically, the
NEF-«kB family of DNA transcription factors), leading to increased pro-
duction of interleukin 2 (IL-2), its receptor, and interleukin 6 (IL-6)
(Currer et al. 2012). IL-2 is involved in T-cell proliferation, growth,
and survival, and IL-6 is involved in inflammation responses and reg-
ulation of metabolic, regenerative, and neural processes. Tax also in-
hibits DNA repair and triggers genetic instability in host cells (Currer
et al. 2012). Tax is highly immunogenic (able to provoke an immune
response) and is normally held in check by the host’s immune system.
However, in individuals with a weakened immune response, Tax can
initiate and promote cancer. Once cancer has been induced, produc-
tion of Tax may be reduced or eliminated as a result of changes in
the Tax gene; however, another HTLV-1 viral protein, HTLV-1 bZIP
factor (HBZ), and oncogenic mutations in the host cell's DNA, such
as mutations of the p16™*** and p53 tumor-suppressor genes, play
a role in the continued proliferation of the cancer cells (NTP 2016).

Biological Properties

HTLV-1 is an enveloped single-stranded RNA (ssRNA) delta-type

retrovirus (an RNA virus that can make a DNA copy of its genome)

of the subfamily Oncovirinae; it was originally found in cells from a

patient diagnosed with T-cell lymphoma (IARC 1996, 2012, Jacobson

and Massoud 2013). It can integrate into the DNA of CD4 T lympho-
cytes (helper T cells, which are white blood cells involved in immune

function). The three main viral genes are gag, which encodes matrix

and capsid proteins, env, which encodes the envelope proteins, and

pol, which encodes the enzymes reverse transcriptase (which en-
ables HTLV-1 to make a DNA copy of its genome), integrase (which

enables integration of the DNA copy into the host genome), and

protease (which breaks down proteins). Single-protein genes encode

the regulatory proteins Tax and Rex and the accessory proteins p12,
p13, p30, and HBZ. Viral gene expression is controlled by promot-
ers and enhancers in the two long terminal repeat regions (regions

at the boundaries of the proviral DNA that contain sequences regu-
lating protein production).

The HTLV-1 virus particle is immunogenic, so active viral pro-
duction will elicit a cytotoxic T-cell anti-HTLV-1 immune response
(Cook et al. 2013, Carpentier et al. 2015), which is thought to be re-
sponsible for controlling viral load. During the latent phase (when the
virus is not replicating), Tax promotes host-cell proliferation. How-
ever, Tax itself is immunogenic; for a latent infection to be maintained,
production of Tax is suppressed, and host-cell proliferation is main-
tained by HBZ, which is less immunogenic than Tax, allowing pro-
liferation of latently infected cells.

Detection

HTLV-1 is rarely detected free in bodily fluids, but is found in pe-
ripheral mononuclear blood cells in breast milk, blood, semen, and
cerebrospinal fluid (IARC 1996, Carpentier et al. 2015, Schafer et al.
2015). Detection is most commonly through measurement of anti-
HTLV-1 antibodies, but can also involve measurement of viral RNA
or DNA in peripheral mononuclear blood cells (allowing measure-
ment of proviral load) or in vitro culture of the virus. Initial anti-
HTLV-1 antibody screening tests are performed by several different
methods, and specimens with positive results are further tested in
a confirmatory laboratory-based Western blot immunoassay, poly-
merase chain reaction amplification, immunofluorescence assay, or
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recombinant immunoblot assay (methods for quantitative measure-
ment of antigens) (IARC 1996, Sabino et al. 1999). Recombinant im-
munoblot assays are the most accurate, yielding fewer indeterminate
results. The percentage of cells infected with HTLV-1 is determined
primarily by the cytotoxic T-cell response against HTLV-1-infected
cells and varies widely among infected individuals (Cook et al. 2013).

Exposure

Studies measuring antibodies to HTLV-1 have shown that a signif-
icant number of people in the United States are exposed to HTLV-
1. The number of HTLV-1-infected persons in the United States has
been estimated to range from 90,000 to 100,000 persons, based on
available U.S. studies, which looked primarily at blood donors and
injection drug users and took age, sex, and estimates of worldwide
prevalence rates into consideration (Gessain and Cassar 2012). A de-
tailed study of HTLV-1 prevalence in the United States conducted
from 2000 to 2009 reported a seroprevalence of 0.0051% (5.1 cases
per 100,000) among blood donors in the United States (Chang et al.
2014, Cook and Taylor 2014). Previous studies reported U.S. HTLV-1
seroprevalence ranging from 0.009% to 0.025% (Williams et al. 1988,
Murphy et al. 1999, Poiesz et al. 2001). However, data from blood-
donor studies most likely underestimate the prevalence in the gen-
eral population, because the donors might be healthier as a group.

Transmission

Transmission of HTLV-1 requires cell-to-cell contact, as the virus is
unstable outside of cells. The three main transmission modes are from
mother to child, sexual, and via blood transfusion or organ transplan-
tation (IARC 2012). Since the U.S. blood supply has been screened for
HTLV-1 since 1988, the estimated risk of infection via blood transfu-
sion is less than one in two million per transfused unit (American Red
Cross 2016). Although solid organs for transplantation are no lon-
ger screened for HTLV-1 in the United States (see Regulations and
Guidelines), only one U.S. case of HTLV-1-related disease transmis-
sion from an infected organ donor (HTLV-1-associated myelopathy)
has been identified since organ screening was discontinued in 2009
(Ramanan et al. 2014).

HTLV-1 infects T cells, mainly CD4 T cells and, to a lesser ex-
tent, CD8 T cells (cytotoxic T cells, which kill damaged or infected
cells). Cells involved in blood-cell formation can be infected as well
(IARC 1996, 2012, Jacobson and Massoud 2013, Carpentier et al. 2015,
Schafer et al. 2015). HTLV-1 transmission via breastfeeding depends
on the proviral load of the mother’s breast milk and on breastfeeding
duration. Mother-to-child transmission occurs during the perinatal
period in less than 5% of cases (Hlela and Bittencourt 2014). Risk fac-
tors for sexual transmission include unprotected sex with an infected
partner, multiple lifetime sexual partners, and infection with sexually
transmitted diseases (IARC 2012). HTLV-1 transmission is efficient
via transfusion of cellular blood components and needle-sharing by
injection drug users. Although the U.S. Food and Drug Administra-
tion prescribes procedures for donor screening and tissue testing to
ensure that tissues intended for human transplantation are free of
HTLV-1, some vascularized human organs are excluded from test-
ing (see Regulations and Guidelines).

Diseases (Non-Cancer), Prevention, and Treatment

Most HTLV-1-infected individuals are lifelong symptomless carri-
ers (Cook et al. 2013); only 2% to 5% of infected people develop dis-
eases related to the virus (Hlela and Bittencourt 2014). In addition
to ATLL, HTLV-1 associated myelopathy/tropical spastic paraparesis
(HAM/TSP, a chronic and progressive inflammatory disease of the
central nervous system) is the most common clinical manifestation

National Toxicology Program, Department of Health and Human Services
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of HTLV-1 (Fuzii et al. 2014). Other diseases associated with HTLV-1
include HTLV-1 uveitis (eye inflammation) (Kamoi and Mochizuki
2012) and infective dermatitis (Hlela and Bittencourt 2014).

Prevention involves reducing transmission of HTLV-1 via breast-
feeding, sexual transmission, and blood transfusion (McKendall 2014).
Prenatal screening for HTLV-1 and counseling of seropositive moth-
ers to avoid breastfeeding reduces mother-to-child transmission
(Hino 2011, IARC 2012). Following practices that prevent sexually
transmitted infections, such as using condoms and not having mul-
tiple or anonymous sexual partners, can reduce sexual transmission
of HTLV-1 (Yoshimitsu et al. 2013). Counseling and education of in-
jection drug users (e.g., implementation of harm-reduction practices)
may be effective in reducing HTLV-1 infection among this population
(Goncalves et al. 2010). Screening of the U.S. blood supply for HTLV-
1, which began in 1988 (American Red Cross 2016), has reduced the
risk of transfusion-related transmission (McKendall 2014). There is
no vaccine against HTLV-1 (ACS 2015, CDC 2015, FDA 2015), but
vaccine development efforts are ongoing (Kuo et al. 2011).

Regulations

Department of Transportation (DOT)

Infectious substances are considered hazardous materials, and special requirements have been set for
marking, labeling, and transporting these materials.

Food and Drug Administration (FDA, an HHS agency)

21 CFR 606, 610, 630, 640, and 660 prescribe procedures, including recordkeeping, donor screening
and notification, blood and blood component testing, and product labeling to guard against the
spread of HTLV-1 through donation of blood, serum, or plasma (except testing for source plasma).
(The risk of HTLV-1, a highly cell-associated pathogen, is sufficiently mitigated by plasma-
derivative manufacturing steps, including validated viral inactivation and removal procedures.
These manufacturing procedures therefore obviate the need to test individual donations of source
plasma for HTLV-1.)

21 CFR 1271 prescribes procedures, including donor screening and tissue testing, to ensure that tissues
intended for human transplant or other human cells, tissues, and cellular and tissue-based
products (HCT/Ps) are free of HTLV-1. (However, certain HCT/Ps, such as vascularized human
organs for transplantation, are excluded. These are listed in 21 CFR 1271.3(d)(1).)

Occupational Safety and Health Administration (OSHA)

Comprehensive regulations have been developed for employers to develop and adhere to exposure
control plans for bloodborne pathogens.

All work-related needlestick injuries and cuts from sharp objects that are contaminated with another
person’s blood or other potentially infectious material must be recorded.

First-aid training program trainees must have adequate instruction in the value of universal
precautions for preventing infectious diseases.

Guidelines

American Society of Transplantation (AST)

The AST has issued guidance for the diagnosis and prevention of HTLV-1 infection from solid (vascular)
organ transplantation. AST guidelines advise that HTLV-1 screening may be considered by
individual organ procurement organizations with higher HTLV-1 prevalence populations (e.g., a
high proportion of immigrants from countries where HTLV-1 is endemic). Their guidelines do not
preclude solid organ transplantation from HTLV-1-positive donors, but advise that these donors
be used only in extreme circumstances (e.g., life-threatening situations, with informed consent)
and that recipients of confirmed or suspected HTLV-1-infected organs be monitored periodically.

Food and Drug Administration (FDA, an HHS agency)
The FDA has issued numerous guidance documents prescribing procedures (e.g., use of standardized

labels, abbreviated donor screening questionnaires) for reducing the risk of virus transmission by
blood and blood products.

Health Resources and Services Administration (HRSA, an HHS agency)

The Organ Procurement and Transplantation Network (OPTN) prescribes voluntary procedures for
HTLV-1 screening, confirmation in potential donors, and reporting of potential HTLV-1 infection
to reduce the risk of HTLV-1 transmission through solid organ transplantation. Prior to 2009, the
OPTN recommended screening of organs for HLTV-1, but that recommendation was removed
effective November 23, 2009, because of the low prevalence of HTLV-1 infection in the United
States, the loss of potentially usable organs because of a high rate of false-positive test results,
and the lack of an FDA-licensed test for HTLV-1 with a rapid turnaround for analysis of single
samples.
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Kaposi Sarcoma-Associated Herpesvirus

CAS No.: none assigned
Known to be a human carcinogen
Also known as KSHV or human herpesvirus 8 (HHV-8)

Carcinogenicity

Kaposi sarcoma-associated herpesvirus (KSHV) is known to be a
human carcinogen based on sufficient evidence from studies in hu-
mans. This conclusion is based on evidence from epidemiological
and molecular studies, which show that KSHV causes Kaposi sar-
coma, primary effusion lymphoma, and a plasmablastic variant of
multicentric Castleman disease, and on supporting mechanistic data.
KSHYV causes cancer, primarily but not exclusively in people with
suppressed immune systems, by coding for protein and RNA prod-
ucts that work together to transform host cells into cancer cells and
promote their survival and growth. These viral products are made
(through the use of host-cell machinery) both when KSHYV is in the
lytic phase (destroying the infected cell during replication) and when
it is latent (maintaining its DNA in the infected cell without destroy-
ing the cell) (Mesri et al. 2010, Fukumoto et al. 2011). KSHV virus is
latent in most infected cells.

Cancer Studies in Humans

The majority of human cancer studies of KSHV have focused on

Kaposi sarcoma (a cancer of the cells that line blood or lymph vessels).
Kaposi sarcoma has four main subtypes: (1) epidemic, or related to

human immunodeficiency virus type 1 (HIV-1) infection, (2) iatro-
genic (resulting from medical treatment, such as organ transplants),
(3) classic (a slow-growing form found mostly in older men in spe-
cific populations, such as in Mediterranean countries or among East

Europeans of Jewish descent), and (4) endemic (found in sub-Saharan

Africa, mostly among men but also among children).

Other cancer end points, including two rare B-cell non-Hodgkin
lymphomas (primary effusion lymphoma and multicentric Castleman
disease), also have been linked to KSHV. Primary effusion lymphoma
(also called body-cavity-based B-cell lymphoma) arises in a specific
type of immune cell (B lymphocytes) and comprises approximately
2% to 4% of HIV-1-related non-Hodgkin lymphomas (Simonelli et
al. 2003, Sullivan et al. 2008). Multicentric Castleman disease also
arises in B lymphocytes; it has several histological variants (hyaline
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vascular, plasma cell, mixed, and plasmablastic), and KSHV is asso-
ciated with the plasmablastic variant.

Kaposi Sarcoma

Evidence for an association between KSHYV infection and Kaposi sar-
coma is based on consistent findings of increased risk in epidemi-
ological studies with different designs and in different populations
and on the presence of an exposure-response relationship between
the degree of viral infection and the cancer.

Over 90% of Kaposi sarcoma patients are infected with KSHV, and
KSHV DNA is found in virtually all Kaposi sarcoma tumors; KSHV
is therefore considered to be a prerequisite for diagnosis of this can-
cer (Chang et al. 1994, Mesri et al. 2010, Cavallin et al. 2014). The
association between KSHV and Kaposi sarcoma has been evaluated
in about 80 case-control studies and 25 cohort studies or studies of
cases and controls identified within the cohorts (IARC 2012, NTP
2016). In the case-control studies, patients with all four types of Ka-
posi sarcoma were often 10 times and sometimes over 100 times
more likely to be infected with KSHV than were individuals with-
out Kaposi sarcoma. In the cohort studies, KSHV-infected individ-
uals were 2 to 16 times more likely to develop Kaposi sarcoma than
were uninfected individuals. In some studies, the risk of Kaposi sar-
coma increased with increasing viral load of KSHV (Sitas et al. 1999,
Newton et al. 2003a,b, 2006, Albrecht et al. 2004).

Most KSHV-infected patients who develop Kaposi sarcoma have
immune systems compromised either by HIV-1 infection or as a re-
sult of drug treatments after organ or tissue transplants. The timing
of infection with HIV-1 may also play a role in development of Ka-
posi sarcoma. Acquiring HIV-1 infection prior to KSHV infection
may increase the risk of epidemic Kaposi sarcoma by 50% to 100%,
compared with acquiring HIV-1 infection at the same time as or after
KSHYV infection. Nevertheless, patients with the classic or endemic
forms of Kaposi sarcoma are not suspected of having suppressed im-
mune systems, suggesting that immunosuppression is not required
for development of Kaposi sarcoma.

Primary Effusion Lymphoma

Evidence for an association between KSHYV infection and primary
effusion lymphoma is based on consistent findings from over 115
KSHV-infected patients reported in a large number of case reports,
several small case series, and a case-comparison study (IARC 2012,
NTP 2016), together with histological confirmation of the tumors’
specific morphological and immunological features. These cases of
primary effusion lymphoma were identified in different populations,
including both HIV-1-positive and HIV-1-negative patients, organ-
transplant recipients, and people from areas where the risk of en-
demic or classic Kaposi sarcoma is known to be high (Dotti et al.
1999, Boulanger et al. 2008, Testa et al. 2010, IARC 2012). In addi-
tion, some patients with primary effusion lymphoma also had other
KSHV-associated cancers, including Kaposi sarcoma and multicentric
Castleman disease. The strong association of KSHV with primary
effusion lymphoma led to the adoption of the presence of KSHV
infection as a diagnostic criterion for this specific pathologic en-
tity. Primary effusion lymphoma in HIV-1-positive patients exhib-
its rapid progression with short survival times, whereas progression
in HIV-1-negative patients and patients with normal immune re-
sponses appears to be much slower (IARC 1997), suggesting that im-
munosuppression is an important cofactor in KSHV carcinogenicity.

Studies of tumor tissue provide evidence for a causal role of KSHV
in primary effusion lymphoma. These studies have shown that pri-
mary effusion lymphoma cells contain high levels (50 to 100 copies)
of KSHV DNA and have patterns of viral gene products (RNA or
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protein) very similar to those observed in Kaposi sarcoma. Impor-
tantly, primary effusion lymphoma lesions arise from a single KSHV-
infected B cell (i.e., are monoclonal), suggesting that KSHV infection
precedes tumor growth (Katano et al. 1999, Judde et al. 2000, Fuku-
moto et al. 2011, IARC 2012, Giffin and Damania 2014).

Multicentric Castleman Disease

Two types of evidence establish a link between KSHYV infection and
the plasmablastic variant of multicentric Castleman disease. The first
consists of nine case-series studies and four case-comparison studies,
which provide, although not conclusively, evidence for an associa-
tion between KSHV infection and all types of multicentric Castleman
disease, and the second consists of molecular analysis of this type of
the tumor tissue, which demonstrates that the association between
KSHYV infection and multicentric Castleman disease is strongest for
the plasmablastic variant of this disease (NTP 2016). (The plasma-
blastic variant arises in plasmablasts, which are immature precur-
sors of antibody-producing B lymphocytes.)

KSHYV has been detected in about half of all multicentric Castle-
man disease cases (all variants) reported in the literature, but has
only rarely been detected in patients without cancer (i.e., in only 1
of almost 200 controls in the case-comparison studies). It is more
common among multicentric Castleman disease patients who are
also infected with HIV-1 than in HIV-1-negative patients, suggest-
ing that immunosuppression is important for cancer development
(Parravicini et al. 1997a, Oksenhendler et al. 2002, 2013). Moreover,
the level of KSHV DNA in circulating white blood cells or blood
plasma is related to the occurrence of symptoms during multicen-
tric Castleman disease flares in HIV-1-positive individuals (Reddy
and Mitsuyasu 2011).

Studies characterizing the tumor tissue have shown that plasma-
blasts in KSHV-associated multicentric Castleman disease have a
unique molecular profile and produce a distinctive monotypic form of
immunoglobulin M; these plasmablasts are not found in KSHV-neg-
ative multicentric Castleman disease (Dupin et al. 2000). Therefore,
KSHV-associated (plasmablastic) multicentric Castleman disease is
now recognized as an entity distinct from other forms of multicentric
Castleman disease; it is classified by the World Health Organization
as “a large B-cell lymphoma arising in HHV8- [KSHV-] associated
multicentric Castleman disease” (IARC 2008). In KSHV-associated
multicentric Castleman disease cells, it appears that KSHV proteins
are produced both when the virus is latent and when it is replicating.
These proteins include a virally encoded interleukin 6, which stim-
ulates proliferation of mature B lymphocytes and causes inflamma-
tion, and thus may play a role in carcinogenicity (Aoki et al. 2001,
Burbelo et al. 2010, Fukumoto et al. 2011, Giffin and Damania 2014).

Studies on Mechanisms of Carcinogenesis

KSHV-associated cancer develops through a complex process that
involves interactions among many viral, host, and environmental
factors (Fukumoto et al. 2011, Mesri et al. 2014). Both in vitro and
animal models have been developed that accurately reproduce many
features observed in KSHV-associated cancer (An et al. 2006, Mutlu
et al. 2007, Mesri and Cesarman 2011, Ashlock et al. 2014, Dittmer
et al. 2015); however, not all aspects of viral infection and transfor-
mation into cancer cells are well understood (Fukumoto et al. 2011,
Giffin and Damania 2014).

In an immune-compromised individual, KSHV-infected cells es-
cape recognition and destruction by the immune system and are able
to produce cancer-causing viral RNA or proteins (Cavallin et al. 2014,
Mesri et al. 2014). Viral products made during the lytic phase mimic
or disrupt host cytokine signals (communication among cells), creat-
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ing conditions that promote tumor growth, proliferation of latently in-
fected cells, development of blood vessels, inflammation, and evasion
or alteration of the immune response and antiviral response (Mesri
et al. 2010, Wen and Damania 2010, Fukumoto et al. 2011, Cavallin
et al. 2014). In addition, some latently infected cells are less likely to
provoke an immune response and may progressively transform into
cancer cells through inhibition of programmed cell death (apopto-
sis) and maintenance of viral latency (see NTP 2016).

Biological Properties

KSHYV is an enveloped double-stranded DNA gamma-2 herpesvirus

(rhadinovirus) that was first identified in humans in 1994 in associa-
tion with acquired immunodeficiency syndrome (AIDS) (Chang et al.
1994, IARC 1997, Fukumoto et al. 2011). A lipid membrane envelope

surrounds a layer of viral proteins, which encloses a viral capsid (pro-
tein shell) and a linear 165-kb genome (IARC 1997, 2012, Fukumoto

et al. 2011, Giffin and Damania 2014). KSHV infects many types of
cells, including both immune cells (B lymphocytes, dendritic cells,
and monocytes) and non-immune cells (keratinocytes, fibroblasts,
and prostate cells) (IARC 1997, 2012, Fukumoto et al. 2011, Campbell

et al. 2014, Giffin and Damania 2014). Certain immune cells (CD19*

B lymphocytes) are a long-term reservoir for the latent virus. KSHV
glycoproteins bind to several host-cell receptors and initiate viral en-
try by an inward folding of the host cell membrane to form a small

capsule within the cell that contains the virus attached to its recep-
tor (Giffin and Damania 2014). The virus can reproduce through the

lytic cycle, which destroys the infected cell, or can remain latent as a

viral episome, consisting of circular DNA separate from the infected

cell's chromosomes, which can use the cell’s machinery to replicate

along with the infected cell’s own DNA.

Detection

KSHYV is detected most commonly by measurement of anti-KSHV
antibodies, and also by detection of DNA and viral proteins in tissues
(Parravicini et al. 1997b, 2000, Fukumoto et al. 2011, Bhutani et al.
2015, Xu et al. 2015). Tests are available for detecting antibodies to
proteins produced in the latent and lytic phases. These tests vary in
sensitivity and specificity, but have generally improved over time. Dif-
ferent viral proteins are made during different phases of the viral life
cycle (latent or lytic), and an individual’s antibody response to these
proteins varies, which makes it difficult to compare the prevalence
of KSHYV in different populations (IARC 1997, 2012, Fukumoto et al.
2011). Viral DNA can be detected in tumor tissue by polymerase chain
reaction (IARC 1997, Fukumoto et al. 2011, Campbell et al. 2014).

Exposure

Prevalence studies measuring antibodies to KSHV in serum have
shown that a significant number of people in the United States are
infected with KSHV. In the first systematic evaluation of KSHV ep-
idemiology in the U.S. general population (based on tests for KSHV
antibodies in serum samples from the Third National Health and Nu-
trition Examination Survey, 1988—1994), overall prevalence of KSHV
antibodies was approximately 7% and was similar in men and women
(Engels et al. 2007). A previous study of 1,000 U.S. blood donors
(sampled in 1994 and 1995) reported estimated prevalence of KSHV
antibodies ranging from 0.5% to 5% (Pellett ez al. 2003, IARC 2012).
KSHYV prevalence rates appear to vary widely among different popu-
lations, from 2% to 3% in northern Europe to over 50% in some sub-
Saharan African populations (IARC 2012). However, even outside
of areas where KSHYV is endemic, prevalence rates among men hav-
ing sex with men have been reported in the range of 30% to 60% for
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HIV-1-positive men and 20% to 30% for HIV-1-negative men (Mar-
tin et al. 1998, O’Brien et al. 1999, Phillips et al. 2008).

Transmission

KSHYV is thought to be transmitted primarily via saliva (IARC 2012).
The presence of KSHYV in peripheral blood suggests that it can also

be spread via blood, and transmission has been reported in injection

drug users, in transfusion recipients, and from organ-transplant do-
nors to recipients (Barozzi et al. 2003, IARC 2012). In populations in

which KSHV infection is endemic, it can be transmitted from mother
to child, especially among children between the ages of 6 and 10 years,
and infection rates increase with age. Risk factors for infection may
include contact with infected family members, contact with contam-
inated water, and, in particular, HIV-1 infection (IARC 2012). There

is also some evidence for spouse-to-spouse transmission among het-
erosexual couples, which appears to be more efficient from female to

male than male to female (Dupuy et al. 2009).

Factors that increase the risk of HIV-1 infection (e.g., number of
sexual partners) also increase the risk of infection with KSHV (Smith
etal. 1999, Engels et al. 2007, IARC 2012), and orogenital sex has been
shown to be significantly correlated with development of KSHV an-
tibodies in men who have sex with men (Dukers et al. 2000). It is un-
clear whether KSHYV is sexually transmitted in heterosexuals. It has
also been suggested that application of virus-carrying saliva to the
sites of insect bites (to relieve itching) could facilitate the transmis-
sion of KSHV (Coluzzi et al. 2003, Amodio et al. 2011).

Diseases (Non-Cancer), Prevention, and Treatment

Most otherwise healthy individuals who are infected with KSHV show
no symptoms (DHHS 2013a, ACS 2014, NCI 2014). There are very
few reports of primary infection with KSHV. Symptoms associated
with initial KSHV infection include fever, a measles-like skin rash, di-
arrhea, fatigue, swollen lymph nodes, enlarged spleen, blood-cell de-
ficiencies, and bone-marrow failure with an excess of B lymphocytes
(Luppi et al. 2000a, Wang et al. 2001, Andreoni et al. 2002). Active
KSHYV infection may be associated with fever, skin rash, and hepati-
tis (Luppi et al. 2000b). There is conflicting evidence regarding sug-
gested associations of KSHV infection with actinic keratosis or with
the autoimmune skin diseases pemphigus vulgaris and pemphigus fo-
liaceus (Ablashi et al. 2002). KSHV has been found in inflammatory
cells in isolated cases of interstitial pneumonitis (an autoimmune-
related lung disease), in sarcoid tissue (lesions formed in sarcoidosis,
an inflammatory disease), and in histocytic necrotizing lymphadeni-
tis (a lymph-node disorder), but a causal role for KSHYV in these dis-
eases has not been established.

Because KSHV transmission is associated with KSHV shedding in
saliva and occasional shedding in genital secretions, avoiding salivary
exposure (e.g., via kissing or sharing food, drink, or toothbrushes) and
following safe sexual practices may theoretically prevent transmis-
sion (Chang-Moore Laboratory 2009, DHHS 2013a,b). Some drugs
have been reported to reduce or inhibit KSHV shedding; however,
no FDA-approved drugs currently exist for treatment of KSHV in-
fection. Highly active antiretroviral therapy was associated with an
89% decrease in KSHV shedding frequency (Cattamanchi et al. 2011).
There is no vaccine against KSHYV, but limited vaccine development
efforts are ongoing (Wu et al. 2012, ACS 2014).

Regulations

Department of Transportation (DOT)

Infectious substances are considered hazardous materials, and special
requirements have been set for marking, labeling, and transporting these
materials.
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Occupational Safety and Health Administration (OSHA)

Comprehensive regulations have been developed for employers to develop
and adhere to exposure control plans for bloodborne pathogens.

All work-related needlestick injuries and cuts from sharp objects that are
contaminated with another person’s blood or other potentially infectious
material must be recorded.

First-aid training program trainees must have adequate instruction in the value
of universal precautions for preventing infectious diseases.

Guidelines

American Society of Transplantation (AST)

The AST has issued guidance for the diagnosis, prevention, and treatment
of KSHYV infection after solid (vascular) organ transplantation. AST
guidelines do not specifically prohibit solid organ transplantation because
of KSHYV seropositivity in either the donor or the recipient. They do
advise that serologic screening be considered for donors and recipients
from geographic regions with high rates of KSHV infection.

Food and Drug Administration (FDA, an HHS agency)

The FDA has issued numerous guidance documents prescribing procedures
(e.g., use of standardized labels, abbreviated donor screening
questionnaires) for reducing the risk of virus transmission by blood and
blood products.

Health Resources and Services Administration (HRSA, an HHS agency)

KSHYV infection is included as part of a list of potential donor-derived
disease transmission events (PDDTE) reported through 2010 in the
Organ Procurement and Transplantation Network’s (OPTN) guidance for
reporting PDDTE; however, these guidelines do not specifically prohibit
solid organ transplantation because of KSHV seropositivity in the donor.

References

Ablashi DV, Chatlynne LG, Whitman JE Jr, Cesarman E. 2002. Spectrum of Kaposi’s sarcoma-associated
herpesvirus, or human herpesvirus 8, diseases. Clin Microbiol Rev 15(3): 439-464.

ACS.2014. Kaposi Sarcoma. American Cancer Society. Last updated: 8/19/14. http://www.cancer.org/acs/
groups/cid/documents/webcontent/003106-pdf.pdf.

Albrecht D, MeyerT, LorenzenT, Stoehr A, Amdt R, Plettenberg A. 2004. Epidemiology of HHV-8 infection
in HIV-positive patients with and without Kaposi sarcoma: Diagnostic relevance of serology and PCR. J
(lin Virol 30(2): 145-149.

Amodio E, Valentini M, Gori-Savellini G, Valenti RM, Romano N, Goedert JJ, Cusi MG. 2011. Prevalence of
Toscana and Sicilian phlebovirus antibodies in classic Kaposi sarcoma case patients and control subjects
in Sicily. / Infect Dis 204(9): 1423-1426.

An FQ, Folarin HM, Compitello N, Roth J, Gerson SL, McCrae KR, Fakhari FD, Dittmer DP, Renne R. 2006.

Long-term-infected telomerase-immortalized endothelial cells: A model for Kaposi's sarcoma-associated
herpesvirus latency in vitro and in vivo. J Virol 80(10): 4833-4846.

Andreoni M, Sarmati L, Nicastri E, El Sawaf G, EI Zalabani M, Uccella |, Bugarini R, Parisi SG, Rezza G.
2002. Primary human herpesvirus 8 infection inimmunocompetent children. JAMA 287(10): 1295-1300.
AokiY, Yarchoan R, Wyvill K, Okamoto S, Little RF, Tosato G. 2001. Detection of viral interleukin-6 in Kaposi
sarcoma-associated herpesvirus-linked disorders. Blood 97(7): 2173-2176.

Ashlock BM, Ma Q, Issac B, Mesri EA. 2014. Productively infected murine Kaposi’s sarcoma-like tumors
define new animal models for studying and targeting KSHV oncogenesis and replication. PLoS One 9(1):
€87324.15 pp.

Barozzi P, Luppi M, Facchetti F, Mecucci C, Alu M, Sarid R, et al. 2003. Post-transplant Kaposi sarcoma
originates from the seeding of donor-derived progenitors. Nat Med 9(5): 554-561.

Bhutani M, Polizzotto MN, Uldrick TS, Yarchoan R. 2015. Kaposi sarcoma-associated herpesvirus-associated
malignancies: Epidemiology, pathogenesis, and advances in treatment. Semin Oncol 42(2): 223-246.
Boulanger E, Afonso PV, Yahiaoui Y, Adle-Biassette H, Gabarre J, Agbalika F. 2008. Human herpesvirus-8
(HHV-8)-associated primary effusion lymphoma in two renal transplant recipients receiving rapamycin.
Am J Transplant 8(3): 707-710.

Burbelo PD, Issa AT, Ching KH, Wyvill KM, Little RF, ladarola MJ, Kovacs JA, Yarchoan R. 2010. Distinct
profiles of antibodies to Kaposi sarcoma-associated herpesvirus antigens in patients with Kaposi sarcoma,
multicentric Castleman disease, and primary effusion lymphoma. / Infect Dis 201(12): 1919-1922.
Campbell DM, Rappocciolo G, Jenkins FJ, Rinaldo CR. 2014. Dendritic cells: Key players in human herpesvirus
8 infection and pathogenesis. Front Microbiol 5: 452.

Cattamanchi A, Saracino M, Selke S, Huang ML, Magaret A, Celum C, Corey L, Wald A, Casper C. 2011.
Treatment with valacyclovir, famciclovir, or antiretrovirals reduces human herpesvirus-8 replication in
HIV-1 seropositive men. J Med Virol 83(10): 1696-1703.

Cavallin LE, Goldschmidt-Clermont P, Mesri EA. 2014. Molecular and cellular mechanisms of KSHV
oncogenesis of Kaposi’s sarcoma associated with HIV/AIDS. PLoS Pathog 10(7): e1004154. 4 pp.

Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, Moore PS. 1994. Identification of
herpesvirus-like DNA sequences in AIDS-associated Kaposi’s sarcoma. Science 266(5192): 1865-1869.

National Toxicology Program, Department of Health and Human Services

For definitions of technical terms, see the Glossary.

Chang-Moore Laboratory. 2009. Kaposi’s Sarcoma-Associated Herpesvirus (KSHV). Chang-Moore Cancer
Virology Laboratory. http://www.tumorvirology.pitt.edu/kshvrsch.html.

Coluzzi M, Calabro ML, Manno D, Chieco-Bianchi L, Schulz TF, Ascoli V. 2003. Reduced seroprevalence of
Kaposi's sarcoma-associated herpesvirus (KSHV), human herpesvirus 8 (HHV8), related to suppression
of Anopheles density in Italy. Med Vet Entomol 17(4): 461-464.

DHHS. 2013a. Human herpesvirus-8 disease. In Guidelines for the Prevention and Treatment of Opportunistic
Infections Among HIV-Exposed and HIV-Infected Children. Panel on Opportunistic Infections in HIV-Exposed
and HIV-Infected Children, Department of Health and Human Services. Last updated: 11/6/13. https://
aidsinfo.nih.gov/contentfiles/Ivguidelines/oi_quidelines_pediatrics.pdf.

DHHS. 2013b. Human herpesvirus-8 disease. In Guidelines for Prevention and Treatment of Opportunistic
Infections in HIV-Infected Adults and Adolescents. Panel on Opportunistic Infections in HIV-Infected Adults
and Adolescents. Department of Health and Human Services. Last updated: 5/7/13. https://aidsinfo.nih.
gov/contentfiles/Ivguidelines/Adult_Ol.pdf.

Dittmer DP, Damania B, Sin SH. 2015. Animal models of tumorigenic herpesviruses — an update. Curr
Opin Virol 14: 145-150.

Dotti G, Fiocchi R, Motta T, Facchinetti B, Chiodini B, Borleri GM, Gavazzeni G, Barbui T, Rambaldi A.
1999. Primary effusion lymphoma after heart transplantation: A new entity associated with human
herpesvirus-8. Leukemia 13(5): 664-670.

Dupin N, Diss TL, Kellam P, Tulliez M, Du MQ, Sicard D, Weiss RA, Isaacson PG, Boshoff C. 2000. HHV-8 is
associated with a plasmablastic variant of Castleman disease that s linked to HHV-8-positive plasmablastic
lymphoma. Blood 95(4): 1406-1412.

Dupuy A, Schulz T, Chevret S, Agbalika F, Pellet C, Janier M, et al. 2009. Asymmetrical transmission of
human herpesvirus 8 among spouses of patients with Kaposi sarcoma. BrJ Dermatol 160(3): 540-545.
Engels EA, Atkinson JO, Graubard BI, McQuillan GM, Gamache C, Mbisa G, Cohn S, Whitby D, Goedert JJ.
2007. Risk factors for human herpesvirus 8 infection among adults in the United States and evidence for
sexual transmission. J Infect Dis 196(2): 199-207.

Fukumoto H, KannoT, Hasegawa H, Katano H. 2011. Pathology of Kaposi’s sarcoma-associated herpesvirus
infection. Front Microbiol 2:175.

Giffin L, Damania B. 2014. KSHV: Pathways to tumorigenesis and persistent infection. Adv Virus Res 88:
111-159.

IARC. 1997. Karposi sarcoma herpesvirus/human herpesvirus 8. In Epstein-Barr Virus and Kaposi’s Sarcoma

Herpesvirus/Human Herpesvirus 8. |ARC Monographs on the Evaluation of Carcinogenic Risks to Humans,
vol. 70. Lyon, France: International Agency for Research on Cancer. pp. 375-492.

1ARC. 2008. WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues, 4th ed., vol. 2. Swerdlow
SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J, Vardiman JW, eds. Lyon, France: International

Agency for Research on Cancer. 439 pp.

1ARC. 2012. Karposi sarcoma herpesvirus. In Biological Agents. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, vol. 100B. Lyon, France: International Agency for Research on Cancer. pp.
169-214.

Judde JG, Lacoste V, Briere J, Kassa-Kelembho E, Clyti E, Couppie P, et al. 2000. Monoclonality or
oligoclonality of human herpesvirus 8 terminal repeat sequences in Kaposi's sarcoma and other diseases.
J Natl Cancer Inst 92(9): 729-736.

Katano H, Hoshino Y, Morishita Y, Nakamura T, Satoh H, lwamoto A, Herndier B, Mori S. 1999. Establishing

and characterizing a (D30-positive cell line harboring HHV-8 from a primary effusion lymphoma. / Med
Virol 58(4): 394-401.

Luppi M, Barozzi P, Schulz TF, Setti G, Staskus K, Trovato R, et al. 2000a. Bone marrow failure associated

with human herpesvirus 8 infection after transplantation. N EnglJ Med 343(19): 1378-1385.

Luppi M, Barozzi P, Schulz TF, Trovato R, Donelli A, Narni F, Sheldon J, Marasca R, Torelli G. 2000b.
Nonmalignant disease associated with human herpesvirus 8 reactivation in patients who have undergone
autologous peripheral blood stem cell transplantation. Blood 96(7): 2355-2357.

Martin JN, Ganem DE, Osmond DH, Page-Shafer KA, Macrae D, Kedes DH. 1998. Sexual transmission and

the natural history of human herpesvirus 8 infection. N Engl J Med 338(14): 948-954.

Mesri EA, Cesarman E, Boshoff C. 2010. Kaposi's sarcoma and its associated herpesvirus. Nat Rev Cancer
10(10): 707-719.

Mesri EA, Cesarman E. 2011. Kaposi's sarcoma herpesvirus oncogenesis is a notch better in 3D. Cell Host
Microbe 10(6): 529-531.

Mesri EA, Feitelson MA, Munger K. 2014. Human viral oncogenesis: A cancer hallmarks analysis. Cell Host
Microbe 15(3): 266-282.

Mutlu AD, Cavallin LE, Vincent L, Chiozzini C, Eroles P, Duran EM, et al. 2007. In vivo growth-restricted and

reversible malignancy induced by human herpesvirus-8 KSHV: A cell and animal model of virally induced

Kaposi's sarcoma. Cancer Cell 11(3): 245-258.

NCI. 2014. A Snapshot of Kaposi Sarcoma. National Cancer Institute. http://www.cancer.gov/
researchandfunding/snapshots/kaposisarcoma.

Newton R, Ziegler J, Bourboulia D, Casabonne D, Beral V, Mbidde E, et al. 2003a. Infection with Kaposi's

sarcoma-associated herpesvirus (KSHV) and human immunodeficiency virus (HIV) in relation to the risk

and clinical presentation of Kaposi’s sarcoma in Uganda. Br J Cancer 89(3): 502-504.

Newton R, Ziegler J, Bourboulia D, Casabonne D, Beral V, Mbidde E, et al. 2003b. The sero-epidemiology

of Kaposi’s sarcoma-associated herpesvirus (KSHV/HHV-8) in adults with cancer in Uganda. Int J Cancer
103(2): 226-232.

24



Report on Carcinogens, Fourteenth Edition

Newton R, Carpenter L, Casabonne D, Beral V, Babiker A, Darbyshire J, et al. 2006. A prospective study of
Kaposi's sarcoma-associated herpesvirus and Epstein-Barr virus in adults with human immunodeficiency
virus-1. BrJ Cancer 94(10): 1504-1509.

NTP.2016. Report on Carcinogens Monograph on Kaposi Sarcoma-Associated Herpesvirus. Research Triangle
Park, NC: National Toxicology Program. 70 pp. http://ntp.niehs.nih.gov/go/733995.

0'Brien TR, Kedes D, Ganem D, Macrae DR, Rosenberg PS, Molden J, Goedert JJ. 1999. Evidence for
concurrent epidemics of human herpesvirus 8 and human immunodeficiency virus type 1in US homosexual
men: Rates, risk factors, and relationship to Kaposi's sarcoma. J Infect Dis 180(4): 1010-1017.
Oksenhendler E, Boulanger E, Galicier L, Du MQ, Dupin N, Diss TC, et al. 2002. High incidence of Kaposi
sarcoma-associated herpesvirus-related non-Hodgkin lymphoma in patients with HIV infection and
multicentric Castleman disease. Blood 99(7): 2331-2336.

Oksenhendler E, Boutboul D, Beldjord K, MeigninV, de Labarthe A, Fieschi C, et al. 2013. Human herpesvirus
8+ polyclonal IgMI B-cell lymphocytosis mimicking plasmablastic leukemia/lymphoma in HIV-infected
patients. Eur / Haematol 91(6): 497-503.

Parravicini C, Corbellino M, Paulli M, Magrini U, Lazzarino M, Moore PS, Chang Y. 1997a. Expression of a
virus-derived cytokine, KSHV vIL-6, in HIV-seronegative Castleman’s disease. Am J Pathol 151(6): 1517-
1522.

Parravicini C, Olsen SJ, Capra M, Poli F, Sirchia G, Gao SJ, et al. 1997b. Risk of Kaposi's sarcoma-associated
herpes virus transmission from donor allografts among Italian posttransplant Kaposi’s sarcoma patients.
Blood 90(7): 2826-2829.

Parravicini C, Chandran B, Corbellino M, Berti E, Paulli M, Moore PS, Chang Y. 2000. Differential viral
protein expression in Kaposi's sarcoma-associated herpesvirus-infected diseases: Kaposi's sarcoma, primary
effusion lymphoma, and multicentric Castleman’s disease. Am J Pathol 156(3): 743-749.

Pellett PE, Wright DJ, Engels EA, Ablashi DV, Dollard SC, Forghani B, et al. 2003. Multicenter comparison
of serologic assays and estimation of human herpesvirus 8 seroprevalence among US blood donors.
Transfusion 43(9): 1260-1268.

Phillips AM, Jones AG, Osmond DH, Pollack LM, Catania JA, Martin JN. 2008. Awareness of Kaposi's sarcoma-
associated herpesvirus among men who have sex with men. Sex Transm Dis 35(12): 1011-1014.

Reddy D, Mitsuyasu R. 2011. HIV-associated multicentric Castleman disease. Curr Opin Oncol 23(5): 475-481.
Simonelli , Spina M, Cinelli R, Talamini R, Tedeschi R, Gloghini A, Vaccher E, Carbone A, Tirelli U. 2003.
(linical features and outcome of primary effusion lymphoma in HIV-infected patients: A single-institution
study. J Clin Oncol 21(21): 3948-3954.

Sitas F, Carrara H, Beral V, Newton R, Reeves G, Bull D, et al. 1999. Antibodies against human herpesvirus
8 in black South African patients with cancer. N Engl J Med 340(24): 1863-1871.

Smith NA, Sabin CA, Gopal R, Bourboulia D, Labbet W, Boshoff C, et al. 1999. Serologic evidence of human
herpesvirus 8 transmission by homosexual but not heterosexual sex. / Infect Dis 180(3): 600-606.
Sullivan RJ, Pantanowitz L, Casper C, Stebbing J, Dezube BJ. 2008. HIV/AIDS: epidemiology, pathophysiology,
and treatment of Kaposi sarcoma-associated herpesvirus disease: Kaposi sarcoma, primary effusion
lymphoma, and multicentric Castleman disease. Clin Infect Dis 47(9): 1209-1215.

Testa A, Baiocchini A, Comandini UV, Falasca L, Nardacci R, Maritti M, et al. 2010. Fatal sclerosing peritonitis
associated with primary effusion lymphoma after liver transplantation: A case report. Transplant Proc
42(9): 3849-3853.

Wang QJ, Jenkins FJ, Jacobson LP, Kingsley LA, Day RD, Zhang ZW, et al. 2001. Primary human herpesvirus
8 infection generates a broadly specific CD8(+) T-cell response to viral lytic cycle proteins. Blood 97(8):
2366-2373.

Wen KW, Damania B. 2010. Kaposi sarcoma-associated herpesvirus (KSHV): Molecular biology and
oncogenesis. Cancer Lett 289(2): 140-150.

Wu TT, Qian J, Ang J, Sun R. 2012. Vaccine prospect of Kaposi sarcoma-associated herpesvirus. Curr Opin
Virol 2(4): 482-488.

XuGJ, KulaT, Xu Q Li MZ, Vernon SD, Ndung'uT, et al. 2015. Viralimmunology. Comprehensive serological
profiling of human populations using a synthetic human virome. Science 348(6239): aaa0698. 23 pp.

Merkel Cell Polyomavirus

CAS No.: none assigned
Known to be a human carcinogen
Also known as MCV or MCPyV

Carcinogenicity

Merkel cell polyomavirus (MCV) is known to be a human carcinogen
based on sufficient evidence from studies in humans. This conclu-
sion is based on evidence from epidemiological, clinical, and molec-
ular studies, which show that MCV causes Merkel cell carcinoma,
and on supporting mechanistic data. MCV causes cancer by inte-
gration of the viral DNA into the host-cell genome and expression
of two MCYV proteins: small T (sT) antigen and a mutated form of
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large T (LT) antigen. Only the mutated, integrated form of MCV is
associated with carcinogenicity. Merkel cell carcinoma is more com-
mon in people infected with human immunodeficiency virus type 1
(HIV-1) and in organ-transplant patients than in people with normal
immune function, suggesting that immunosuppression is an impor-
tant cofactor in MCV carcinogenesis.

Cancer Studies in Humans

Evidence for an association between MCYV infection and Merkel cell
carcinoma is based on consistent findings of increased risk in epide-
miological studies of populations in different geographical areas, a
suggestion of a dose-response relationship, and the findings of clinical
and molecular studies. Although MCYV infection is common, Merkel
cell carcinoma is rare; it is a highly aggressive form of skin cancer most
common in elderly Caucasian men and in immunosuppressed indi-
viduals (such as organ-transplant recipients and people infected with
HIV-1) (Engels et al. 2002, Schrama et al. 2012, Clarke et al. 2015).

Three case-control studies (Carter et al. 2009, Paulson et al. 2010,
Viscidi et al. 2011) and one nested case-control study (Faust et al.
2014) found statistically significant associations between MCV in-
fection (as measured by antibodies against MCV viral molecules)
and Merkel cell carcinoma, with odds ratios (ORs) ranging from 4.4
to 63.2. In the nested case-control study (Faust et al. 2014), the find-
ings of an association of Merkel cell carcinoma with high levels of
anti-MCYV antibodies (immunoglobulin G [IgG] antibodies that bind
to the virus) or MCV-neutralizing activity (due to antibodies that in-
hibit infectivity) were mainly limited to women; however, there were
few men in this study. The OR was higher among all individuals with
high levels of anti-MCV IgG antibodies (OR = 4.3, 95% confidence
interval [CI] = 1.3 to 17.4) than among all individuals with any level
of MCV IgG antibodies (OR = 2.6, 95% CI = 0.7 to 15.0) (the analy-
sis did not stratify by antibody level), providing limited support for
a dose-response relationship. This prospective study also demon-
strated a temporal relationship between MCYV infection and the onset
of Merkel cell carcinoma. Because of the paucity of studies and ab-
sence of known risk factors for MCV infection in relation to Merkel
cell carcinoma, confounding and chance cannot be ruled out as pos-
sible explanations for the results of these epidemiological studies.

Clinical and molecular studies provide strong evidence that MCV
has an important causal role in Merkel cell carcinoma (see Studies on
Mechanisms of Carcinogenesis). MCV antibody levels were signifi-
cantly higher in MCV-positive Merkel cell carcinoma patients than
in healthy individuals infected with MCV, which suggests that devel-
opment of Merkel cell carcinoma is preceded by an unusually robust
MCYV infection (Pastrana et al. 2009, Agelli et al. 2010). In case-series
studies (21 studies with over 850 cases of Merkel cell carcinoma),
MCYV has been detected in approximately 80% of cases (IARC 2013,
NTP 2016), suggesting that there are two forms of Merkel cell carci-
noma, the majority occurring in MCV-positive individuals and the
minority in individuals not infected with MCV (Moore and Chang
2014). However, other studies have suggested that MCV is involved
in most or all cases of Merkel cell carcinoma (Carter et al. 2009,
Rodig et al. 2012).

MCV DNA is integrated into the host genome in primary Merkel
cell tumors and metastases, and the DNA integration site is the same
in all cells of the tumor and its metastases in a given individual. This
monoclonal integration of MCV DNA provides strong evidence that
viral infection precedes proliferation of the original cancer cell (Feng
et al. 2008, Laude et al. 2010) and that MCYV is not an incidental
or passenger infection in Merkel cell carcinoma (Kuwamoto 2011,
Chang and Moore 2012).
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Studies on Mechanisms of Carcinogenesis

MCV-associated cancer is thought to develop through a complex
process that involves interactions among many viral, host, and en-
vironmental factors. Although MCYV infection is common, very few
people develop Merkel cell carcinoma (Chang and Moore 2012, IARC
2013). Data from molecular studies have shown that host cells in-
fected with the episomal (non-integrated) form of the virus are not
transformed; only the integrated and mutated form of MCV is asso-
ciated with cancer (Moore and Chang 2014). Exposure to ultraviolet
radiation or other environmental mutagens may increase the likeli-
hood of the mutations that transform symptomless viral infection
into cancer (Moore and Chang 2010).

The key events in induction of Merkel cell carcinoma by MCV
include immunosuppression and immune evasion, monoclonal in-
tegration of the MCV genome into the host-cell DNA, mutations
causing truncation of the LT antigen, production of T antigens in
tumor cells, and impaired regulation of the cell-division cycle and
apoptosis (programmed cell death) (Moore and Chang 2010). Trun-
cation of the LT antigen, which prevents the virus from replicating,
is a signature feature of all MCV-positive Merkel cell carcinoma. In
vitro and in vivo studies have clearly demonstrated that both the mu-
tated LT antigen and another T antigen (sT) are required for trans-
formation of the host cell into a cancer cell and for proliferation and
survival of the cancer cells (Moore and Chang 2010, Shuda et al. 2011,
Schmitt et al. 2012, Borchert et al. 2014, Stakaityte et al. 2014). More-
over, these antigens are produced only in MCV-infected tumor cells
and are found in most Merkel cell carcinoma samples (for more in-
formation, see NTP 2016).

Biological Properties

Merkel cell polyomavirus is a very stable non-enveloped DNA virus
found in the skin, and it is integrated into the DNA of most Merkel
cell tumors (Moore and Chang 2010, Carter et al. 2013, Dalianis and
Hirsch 2013, IARC 2013, Spurgeon and Lambert 2013, Moens et al.
2015). The structure of the MCV is simple, consisting of two capsid
(shell) proteins with a circular 5-kb DNA genome that wraps around
structural histone (DNA packaging) proteins derived from the host
cell (Dalianis and Hirsch 2013, IARC 2013, Spurgeon and Lambert
2013, Moens et al. 2015). Once MCYV has entered a host cell, its DNA
is maintained in a form that allows it either to replicate indepen-
dently or to integrate into the host cell's DNA for replication (IARC
2013). MCV can exist in either a lytic phase (in which the infected
cell is destroyed and viral particles are released) or a latent phase (in
which the virus does not replicate). During the latent phase, little viral
gene expression occurs, and the virus can evade immune detection.

Detection

MCYV infections can be detected in body fluids (blood, saliva, or
urine) by the presence of anti-MCV antibodies or by polymerase
chain reaction (PCR) amplification of the viral DNA and in tissue
(skin, mouth, liver, or Merkel cell tumors) by the presence of viral
antigens or DNA (Moore and Chang 2010, Dalianis and Hirsch 2013,
IARC 2013, Moens et al. 2015). The rates at which MCV DNA has
been detected in skin samples have been reported to be up to 28% by
standard or nested PCR, 40% by rolling circle DNA amplification, and
100% by real-time or quantitative PCR (IARC 2013). MCV DNA de-
tection rates in the oral cavity have been reported to range from 8.3%
to as high as 60%. Some studies have detected MCV DNA at higher
rates in the oral-cavity mucous membranes than on the skin, while
others have reported the opposite, possibly because of differences
in sampling methods (e.g., biopsies vs. surface swabs). MCV DNA
found on one area of the skin is genetically identical to MCV found
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on other areas of skin. The level of anti-MCV antibodies in the blood
correlates with viral load on the skin and with active viral shedding.

Exposure

Studies measuring antibodies to MCV have shown that a significant

number of people in the United States are infected with MCV. Re-
ported U.S. MCV seroprevalence rates have ranged from 23% to 88%

(Carter et al. 2009, Kean et al. 2009, Pastrana et al. 2009, Tolstov et al.
2009, 2011, Viscidi et al. 2011). Age-specific MCV seroprevalence has

been reported to be 20% in children aged 1 to 5 years, 35% to 50% in

those under 10 to 15 years old, and 46% to 87.5% in adults (Tolstov
et al. 2009, Chen et al. 2011, Viscidi et al. 2011, IARC 2013). MCV
may be undetectable in newborns (Gustafsson et al. 2012).

Transmission

Transmission of MCV is not fully characterized (IARC 2013). The skin
appears to be a primary site of MCV infection, and healthy individ-
uals have been shown to chronically shed MCV DNA from the skin
surface (Schowalter et al. 2010). Possible transmission through close
personal contact via saliva or skin between young siblings and be-
tween mothers and their children is suggested by a study in Cameroon,
Central Africa (Martel-Jantin et al. 2013), and a cross-sectional study
of a large rural Chinese population found that poor personal hygiene
(e.g., infrequent bathing) may increase the risk of cutaneous trans-
mission of MCV via frequent close contact or shared family environ-
ment (Zhang et al. 2014). MCV DNA has also been detected in saliva,
the mouth, the esophagus, and the colon (Loyo et al. 2010) and in
nasal mucus samples, tonsils, lung tissue, and secretions in the lower
respiratory tract (IARC 2013), suggesting possible transmission via
the digestive tract (e.g., fecal-oral transmission) and respiratory tract.
Reports of detection of MCV DNA in blood or urine have been in-
consistent; a few studies have found MCV at low levels in small per-
centages of the samples (IARC 2013). Because most adults have MCV
antibodies, blood is not expected to play a large role in transmission,
and the low levels of MCV reported in urine could be due to con-
tamination from skin during passing of urine. MCV has been de-
tected in urban sewage (Spurgeon and Lambert 2013) and in 85% of
environmental surface samples (Foulongne et al. 2011, IARC 2013).
It is stable at temperatures up to 167°F, suggesting that virus present
in the environment may remain viable and be a source of infection.

Diseases (Non-Cancer), Prevention, and Treatment

MCYV establishes a chronic lifelong, symptomless infection in a large

majority of healthy individuals, but it has not been associated with

any disease or symptoms other than Merkel cell carcinoma (IARC

2013). Some treatments of MCV-positive Merkel cell carcinoma tar-
get MCV T antigens (Samimi et al. 2015). There is no vaccine against

MCYV (CDC 2015, FDA 2015), but limited vaccine development ef-
forts are ongoing (Pastrana et al. 2009, Zeng et al. 2012, Gomez et al.
2013, Samimi et al. 2015).

Regulations

Department of Transportation (DOT)

Infectious substances are considered hazardous materials, and special requirements have been set for
marking, labeling, and transporting these materials.

Occupational Safety and Health Administration (OSHA)

First-aid training program trainees must have adequate instruction in the value of universal
precautions for preventing infectious diseases.

Guidelines
No specific uidelines relevant to reduction of exposure to MCV were identified.
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